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Machinery and for the Complete Equip 
Machines for Deep and Shallow Water, 


4 
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~ SEPTEMBER 12, 


7: 


POLES—Wrought Iron or Composite Poles for Telegraph, Telephone, 


inclusive, in Great Britain, 19s. untries in Postal Union, of class, 21s, 8d.; of the second class | ES: 
{ndia, Persia, &c.), 28s. D, Van Nosreanp, 35, 27, Warren Street. 
Madame J. 22, Rue de la Banque. BaeLIN : A, & Co., 5, Unter den Linden. 


PHILLIPS, 


| ENGINEERS AND ELECTRICIANS. 
OFFICES ;—18, UNION COURT, OLD BROAD STREET, LONDON, EC. 
| | TELEPHONE No. 1010. PRIVATE WIRE, CITY OFFIONS TO WORKS. 
sanatitarers of all Telegraph Appliances, Materials, and Machinery y for Making; Laying and Maintaining, 
Cables, and Contractors for Underground and Aérial Telegraphs. 
Patent Indicating Grapnels. | 


Sole Makers of Trott & Hamilton’s Paterit Grapnel Rope and Trott & Kingsford's 


Iron and Steel 0 AE both Patent and Ordinary ; Cenk , Oreepers, Mushrooms, Sinkers, 
Cable T a , Dynamometers, ow and Stern Gear, Steam and — 
Chain Fittings, able Drums, Sphomg “pt Jointing Tools, &c., &e. | 


ment of Telegraph Cable. Factories: and Vessels. 


a 


Steam and Hand Wire Sounding 


all Apparatus and Material used in the Construction, Maintenance, and Working of LAND LINES, viz, :— 


and Electric Light purposes. House-Top Poles and Fittings. 


§ Phillips’ Patent Fluid Insulators, and all kinds of the ordinary form in Porcelain ss Brown Ware. 
description. 
Zinc and Carbon Plates. 


-Iron and Steel Wire, Galvanized, Plain, or Stranded. Insulated Wires of every 


gins’ Patent Bichromate Batteries, Leclanché, &ec. 
.—Morse, Needle, Bells, Galvanometers, and other Testing Instrumente, 


Makers of Underground, Aérial, Torpedo, and Field Cables, with Single Mattipte - 


Ms in SE aon; | 
| 


ining. Conductors of the most approved types. 
ELECTRIC Stock of Cables, Carbons, ready 


LIGHTING. for. immediate 


MAKERS OF. THE 


ALTERNATING CONTINUOUS currents. 
For PARALLEL or SERIES working: 
SINGLE ‘CARBON LAMPS, 16 HOURS; HOURS. 


+7, 
> 


pROPÉSSOR GEO. FORBES :— 
«MUST PLEASE THE MOST CRITICAL 

6. P, THOMPSON  . Mr, LANT CARPENTER + 

| Mr. W. H PREECE, FRS: 

“ons or LATEST AND BEST.” 


Home, Colonial, and à Poreign Governmenie; Corporations ; Learned Societies 
| ‘Wharves? Steamships ; Theat Restaurants ; be. à 
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| the rariont on 


GLOVE 


ii, 
EXHIBITION, 188 


stiver MEDAL, INTERNATIONAL ELECTRIC 
7 International Inventions Exhibition, 1885, GOLD MEDAL tor saetinery, 


Electric : Light Leads, E 
| Cables and Multiple 


- MANAAUNERS BY PATENT PROGESSES, OF GLOVER'S PATENT COVERED IRON WIRE FOR AERIAL LINES, 
| | Glover's Patent Covered High-Conductivity Copper Wire for Aërial Lines. 
lo Patent. 


Covered Gatta-Percha Wire for Leadingin, Tunnel, and | 


THOROUGHLY ANTI-INDUCTION TELEPHONE CABLES UP To ONE HUNDRED ‘WIRES, 


I R & co. 


Wlakers, 


— Glectrical Wire and Gable 
| SALFORD, MANCH 


Salford Electric Wire Works. SALFORD. 
Springfield Lane Cable Works. |. 


_LONDON: 10, HATTON GARDEN, EC. 


ELLIOTT BROTHERS, 
101 & 102, ST. MARTIN'S LANE, LONDON, 


(ESTABLISHED 


ENGINEER 
-EERGTRICAL TESTING AND TELEGRAPH IN STRUMENTS. 


‘SUBMARINE MINING. APPARATU 8, CONTRACTORS TO EM, GOVERNMENT. 
Sale Agents in England for Bir William Thomson's Standard Blectric Instruments, 
GAS, STEAM.W 


Avard Paris Exhibition 1889. * Grand Pit” to any English Blectrca 
BOILER TUBES | 


WROT IRON 
OR STEEL. 


OS 


AND FITTINGS. 


for ELECTRICAL CONDUCTORS” PLAIN on GALVANIZED | 


OROSHIRE | 


SILVER MEDAL for Cables and Win, || 


Companies | 


ESTER. 


Street Iron Works. 2) 1 A 
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Oil Refiners, 
36, SOUTHWARK STREET, 


. LONPON. 
Works :-EWER STREET. 


‘TELEPHONE No. — 


ONLY OIL used last Seis years by the largest 
Electric Installations in London, 
Samples sent on application. 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d. per Gallon. 


. Our Oil is now recommended by the principal 
Electricians, and is also suitable for 


SHAFTING, ENGINES, 


For use on Dynamos and 


AND GENERAL PURPOSES.  High-Speod Engines. 


— OF THE ASBESTOS TRADE. 
+, The ONLY COMPANY  : work, troughs for leads, &c. 


LIMITED 


Specify ‘ SALAMANDER” Brand. 


| 
TS à Ÿ in the World owning ASBESTOS MILLBOARD STRIPS, for ditto. Depots: NEWCASTLE-ON-TYNE, Quay Side: 


ay S and working rking Asbestos 


FINE ASBESTOS THREAD, for covering wires. MANCHESTER, 34, Deansgate; LIVERPOOL, 
ASBESTOS COVERED WIRES. 


47 and 49, South John Street; GLASGOW, 60, 


DOCK : 

& (Late 161, Queen Victoria Street) 
_ All Goods are made at our 


FINE ASBESTOS PAPER, for Dynamos, &c. Works, near London, and are 
ASBESTOS TUBES & CEMENT, for Electric Light Leads. of the best possible description. 
ASBESTOS FIRE-PROOF PAINT, for protecting wood- | 


< West Howard Street; CARDIFF, Mount Stuart | 
Ÿ Mines in both ITALY parent SALAMANDER LUBRICANT, for Dynamos, &c. Square; BRISTOL, Provident Buildings, Cine 


and CANADA. 647 PACKING, NON-CONDUCTING COVERING for Boilers, &. Street ; ST. PETERSBURG, Gostinoe Dvor. 


FREDERICK SMITE CO. 


CALEDONIA WORKS, HALIFAX. 
Contractors to Der Majesty's Government & Railway Companies 


BEST REFINED TELEPHONE WIRE. 


PATENT GALVANISED TELEGRAPH WIRE. 


100 Ib. COILS, HIGH CONDUCTIVITY. 
SPECIALITY :—TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


COPPER WIRE, hard drawn, high conductivity—long lengths. 
Lightning Conductors, &c. COPPER 


WIRE, all sizes for covering. 


GALVANISED HARD STEEL STRAND for Mechanical Telephones. © 


F. WIGGINS & SONS, "5 Et. 


MICA MERCHAN Ts, 


Manufacturers of Mica Goods for Philosophical and ALL POS: 
CONTRACTORS TO HER MAJESTY’S GOVERNMENT. 


LONDON, 


[Telephone No. 2248. 


MICA. 


is NEW AND CHEAP PATENT LAW. 
_ PATENT C T OFFICE. 


GARDNER, 


=r | 166, FLEET STREET, 
| | SUCCESSOR TO 
Messrs. RopxnTson, Brooman & Co. 


Pamphlet of Costs Gratis. 


arent q Thirty-five ventions." practice with 


INVENTIONS 


ARDNER _ | Protection (9 


#44 Full Patent (4 years 
= £16 16s. mee 


| 


Wm. M. FOXCROFT 


(Successor to the late W. Foucroft, also F. Lucas), 


COPPER WIRE and TAPE for | 
STRAND WIRE all Kinds. 


“ine 


Telegraph and Telephone Case Manufacturer, — 


36, PEROIVAL STREET AND 9, SMITH STREET, 


CLERKENWELL, LONDON, E£.C. 
(Offces-PERGIVAL STREET). 


Lock and Block, Single Needle, Bell, Sounder, Perforator, | 


Photometer, Telephone Cases, Battery Boxes, &c., dc. 


PRIZE MEDALS, LONDON, 1851; PARIS, 1881. 1 
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COMPANY, LIMITED. 
Offices:—27, Martin’s Lane, Cannon Street, London E.C. 


TBLEPHONE No. 1,754, WORKS :-NORTH WOOLWICH, 


Manufacturers of 
SUBMARINE CABLES, 
| Patent Metallic Braiding, 

TELEPHONE CABLES. 


Silk Covered Wire, 


FLEXIBLE CORDS, 
AND 


ELECTRIC LIGHT CABLES. 


WEA EEE. A’S 


ARC LIGHT 


ACKNOWLEDGED BY USERS 


LARGE STOCK Iw LONDON. PRICES AND SAMPLES FROM 


THE AGENTS: CATHCART AND PETO, 


673, HATTON GARDEN, sd and VULCAN WORKS, ISLINGTON, N., LONDON. 


3930 


“THE MOST EFFICIENT” 


AND CHEAPEST 


DYNAMO 


IN THE MARKET. =] 
Our Continuous Current Patent ‘ Lahmeyer … 
Dynamo cannot be excelled for perfect working an È ae | 
actual cost; should be seen to be appreciated. Fe : LE 


We also manufacture a special machine for > eS. | Le 
coupling direct to motor. = 


CATALOGUE FREE. 


BOLLING & LOWE, 2, Laurence Me: Hill LONDON. 


ae J. & G. HARRIS. Manufacturers to the Trade. r 4 rs | 


ELECTRIC LIGHT CASINGS 


OVER 150, 000 EEE'T, ready for immediate delivery, 


COVERS ano CASINGS NGS MADE ro ANY DESIGN. 
J-F.& G.HARRIS 


MAHOGANY & GENERAL 


TIMBER MERCHANTS. 


MOULDING MANUFACTURERS. 
OFFICES | | LONDON. 


VICTORIA WHARF, TWIG FOLLY BRIOCE ,BETHNAL GREEN, E. 


Special Quotations for Large Quantities. Sample Board, Catalogues and Price Lists forwarded on application. 2953 


| | ALL ENGINEERS and CONTRACTORS should have our SAMPLE BOARD. It is recognised as the most complete yet Issued. LEE 


SUPERIOR TO ALL OTHERS 
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PLANET ELECTRICAL ENGINEERING Co, 


A, VICTORIA MANSIONS, WESTMINSTER. 


A 
é 
+ 
» \E 
=- 


FOR DIRE 


Prof. SILVANUS THOMPSON ae This is the Electrical Engineer’s Lamp.” | 


LIMITED, 


66, VICTORIA STREET, LONDON, S.W. 


Works::—BIRMINGHAM. 


ALTERNATING 
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“INSULATED WIRES. 


ALL KINDS OF WIRE FOR TELEPHONE, TELEGRAPH INSTRUMENT & ELECTRIC BELL WORK, 


Cables for Electric 


Chandelier Wires, 
Lighting, Flexible Leads, DS 


In Silk, Cotton, Worsted, &c, 


HALIFAX, HNGLAND. 


PRICES OF ANY WIRE ON APPLICATION. « 


J. D. F. ANDREWS & Co. 


41 & 42, PARLIAMENT STREET, LONDON, S.W. 


Complete System of Concentric Wiring 
for Interiors. Andtews’s Patent Joints, 
Switches, Fuses and Fittings. Lists and 
Trade Terms on application. 


MOSELEY’S 
PATENT 


POCKET ELECTROMETER. 


’ A Perfect Ammeter (from 
1-10th to 1,000 amperes), 
Wireman’s Detector and 
= = Pole Indicator, as well 
as a thoroughly practical 


See “Electrician,” March 
14th, 1890. 


(! trided io 5 amps., 5 volts, and 5 ohms, 
a 5-standard ohm renstance cou ) 


3706 DIRECT FROM THE MAKER, 


Wy. 82, Montpelier Rd. Peckbam, London 


ARTHUR B. GILL & Co., 
Glectric Zight and General Engineers, 
4, BOMBAY STREET, BERMONDSEY, LONDON, S.E. 


Sole Makers of GILL’S PATENT MAIN SWITCHES, which are practically 
everlasting. No sparking on the actual contact pieces. These switches improve 
with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- 
equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE TERMS. 

Telephone No, 4882. Telegraphic Address: 


“ TORQUE.” 2949 


cARBOWNW 


H. & F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. : 


BARNSLEY. 


Telegraphic Address: —“ CARBON BARNSLEY.” 3398 


ELECTRIC WIRES. 


Insulated Wire and Cables 
of every description for 
Electrical Instruments, <% 
Dynamo Machines, Electric £ = 
Bells, Telephones, Electric = 
Lighting, &., &&. 


| 14a, Clerkenwell Green. London, E.C. 1730 


Volt and Ohmmeter, &c.- 


PRICE, Post Free, 2s. Où 


Makers of all the most Improved Machinery for Electric Wire and 4 


| SOLE MANUFACTURER OF THE ENGLISH REMINGTON TYPE WRITER. 


i uc UCKLERSBURY | 


£<1 10s. £6 À 


PER INSTRUMENT. 
3269 


THOMAS BARRACLOUGH & CO. Ltd., 


Strand Covering, Lapping, Taping, Braiding, &e., 
ALSO FOR | 
STRANDING AND MAKING CA BBILESS OF EVERY SIZE AND DESCRIPTION. | 


Globe Works, Rochdale Road, Manchester. 


1960 


MAKER OF EVERY CLASS OF 
Serew, Germinal and Turned Parts, 
Also any Description of 
ELECTRICAL OR MECHANICAL AUTOMATIC MACHINES. 


» 

e 


An High-Class Machine Work, Turn Boring, Screw Cutting, &c. 
Wheels Cut to 12-inch die rs | Den, Steel, or Brass. 


OPEN TO TAKE AGENCY FOR ANY MECHANICAL OR ELECTRIC MAGHINE. 
Works: 34, Eagle St., Red Lion Square. 


“ECLIPSE” ELECTRICAL 


CASE WORKS, | © 
5, PHOENIX PLACE, 


COLDBATH FIELDS, LONDON, W.O., 
MANUFACTURERS OF 
Every description of Cases 
| a BY MAOHINERY 
À. | FOR 

“ii TELEGRAPH, TELEPHONE, AUTOMATIC 

mt | And Electrical Instrument Makers. 

MAKERS OF 2968 


THE SCHANSCHIEFF + PORTABLE BATTERY GASES. 
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LIGHT FITTINGS 
AND SHADES. 


PRICES, &c., FROM 


WOODHOUSE RAWSON UNITED 


‘HEAD OFFICES AND SHOWROOMS: 
SS, QUEEN VICTORIA STREET, LONDON, E.C., 
WHERE MODEL INSTALLATION CAN BE SEEN AT WORK. = 
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3 Rods, Sheets, &c., Bearings, Bushes, 
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BEST WIRE 


CASTINGS, 
Phosphor Brome 
for Springs, Ropes, Screws, Hire i Great Tensile tr 
and High Conductivity for Telephone 
and other wearing parts 


Machinery 


_ BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS. AND INFRINGEMENTS OF OUR PATENT RIGHTS. 


ECONOMISER 
BOILERS, 


Fs GREEN & SON, Ltd., 


14, ST. ANN’S SQUARE, | 


f § And all Electrical Purposes. 
* 
| SOLE PROPRIETORS Electrical purposes. 
| | oe Of the British and Colonial Patents, O Y | 
G THE PHOSPHOR BRONZE C0, 2 
| | Q 87, Sumner Street, Southwark, London, 8.E. + 
| 
| 
| | 
| 
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DORMAN & SMITH, 
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ELECTRICAL ENCINEERS, 


Manufacturers to 


BRAZENOSE ST. 


MANCHESTER, 


England. . 


INDEX ADVERTISEMENTS. 


The names of Advertisers, whose announcements are ordered for a series, are entered under any one Heading in this Index free of charge 
but if repeated under other headings, Gdl. per week is charged for each additional entry. 
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Crompton-Howell Elec. Btotage © Co. 
Drake & Gorham ... one 
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Arc Lamps. 
J. H. Holmes & Co.... Sup. il 
Johnson & Phillips eee see 
F. M. Newton & Co. Sup. 19 
Planet Elec. Engineering Co. ... 5 
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Schools and Classes. 
Electrical Standardising Inst. Sup. 12 
Owen’s College 12 
School of Telegraphy  … 19 
University Coll., Nottingham Sup. 12 


Screws.—Davis & Timmins ... … 18 

Switches. 
Appleton, Burbey & Williamson Sup. 18 
Faraday & Son eee ..e eee 10 
Genl. Elec. Co., Ld (G. Binswanger.) Sup. 10 
The Paiste Switch... oe Sup. 3 
‘Walsall Electrical Co. ... Sup. 6 
Woodhouse & Rawson United ... 11 


ne 


Tel ph 
Philli eee eo6 1 
Mfg. Sup. 6 


& Ce. 
Consol. Tel. Const. & M. Sup. 8 
Stanhope Co ose 
Universal Telephone 

Tools.—Chas. Churchill & Co. _ Sup. 7 

Tabes.—Joseph Aird … 2 

Turbines.—F. Nell nee eee 


Vuleanite (see Ebonite). 

Wire (covered). - 
Fowler-Waring Cables Co. des 
W. T. Glover & Co. 1 
W.T. Henley’s Tel Works Co. … 4 

_ London Electric Wire Co. Sup. 1 

Midland Electric Wire Co. 
Bros. eee eee 


Telegra h Mfg. Co. oo Sup. 6 
United Electric Wire Co.... a & 
Woodhouse & Rawson United ... 11 
Wire 


Cove Machinery. 
h & Co. eee eee 6 


Wood Elliott eee 
Genl. Elec. Co., gar Binswanger. ) Sup. 10 
F. & G. Hasvis . eee 
Vigers Bros. 3 
Woodhouse & Rawson United ioe: 
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MISCELLANEOUS ADVERTISEMENTS relating to Situations, Articles for Sale and Wanted, ¥c., &c., appear on Sup. 11 (middle of paper.) 
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| Ramsden, Camm & Co. ... oc 18 | 
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SEE SUP. 20. 
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LIGHT FITTINGS. 


Edinburgh Exhibition—stan No. 87. RERNERS STREET, W. 


INTERLOCKING THE LOCK AND BLOCK. 


fro f im nae son and nur the necessi Le combining the “Lock” and “Block” systems by actual connection between the Telegraph Iustru- 
ments Lo his Ay with Supplemen Automatic Train Action, has haa ‘been reliably 
Bron to SAXBY & FARMER, under protection of various Patents granted or assigned to them, For 
Particulars, P app iy to. 


SAXBY & FARMER, Railway Signal Contractors Canterbury Road, KILBURN, LONDON, N. sl 


Manufacturers of Ratlway Signals, Cabins, Interlocking Levers, Block Instruments, and Signal Work of every espa Electrical and Mechanical. 


DAVEY, PAXMAN & Co., Engineers, COLCHESTER, 


Devote special attention to 


STEAM — AND BOILERS REQUIRED FOR ELECTRIC LIGHT TRBTALLATIONS. | 


Telegraph Address :— 
PAXMAN, OOLCHESTER” 
— 5 Horizontal High Presiave Coupled C Componnd 
28 Engine. 12 to 100 H.P. n 
most reliable in the market. for their Steam Engines and Boilers. 


DAYEY, PAXMAN & CO. Engineers, 
Lonpon Orrick: 139, QUEEN VICTORIA STREET, EC. 2066 


-INCANDESCENCE LAMPS. 


THE BRUSH ELECTRICAL ENGINEERING COMPANY, Ltd. 


hereby give notice that they have acquired the Edison, Lane-Fox, and other . 


Electric Lighting Patents, for AUSTRALASIA, INDIA, the CAPE OF 
GOOD HOPE, and NATAL, and that it is an infringement of the rights 
now secured by assignment to them to import, sell, manufacture, or use an 


INCANDESCENCE ELECTRIC LAMPS in those territories, except 
under their License. : 


All orders for Lamps intended to be used in India, or in the above- 
mentioned colonies, must be referred to the BRUSH ELECTRICAL 


ENGINEERING CO, Ltd., 112, Belvedere Road, LAMBETH, S.E, 
from whom quotations and full information may be obtained on application. 


Telephone No. : “DETECTOR, LONDON.” 


SHOW Rooms: 58. BERNERS STREET, LONDON, W. 


The Best and most Artistic Show of Fittings in London. 


| ELECTRIC LIGHT ENGINEERS AND CONTRACTORS. 
| COMPLETE INSTALLATIONS, OR WIRING ONLY, CARRIED OUT PROMPTLY, ALLWORK GUARANTEED, TRADE SUPPLIED 


NEW PATENT CEILING ROSE, 
Approved by all the Fire Offices and Supply Companies, 1s. 1d. net. ‘*The most Perfect Ceiling Rose in the market.” 


| WorxkKs: WHLLS MEWS, w.. 
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ELECTRICAL HETERODOXY. 


THE leading lights in the science of electricity have, 
in recent years, made notable progress in the field-of 
electrical theory. Faraday first drew attention to the 
important part played by the dielectric in all electrical 
phenomena ; and his epoch-making discoveries after- 
wards received their full mathematical interpretation 
from the genius of Clerk Maxwell. Some of the re- 
markable results of Maxwell’s investigations have 
received experimental proof by the labours of Hertz 


and others. Further developments of theory have been 


made by Thomson, Poynting, 000, and others of 
Maxwell’s school. 


In science, as in politics, there is a danger that a. 


great leader may prove the evil genius of his followers, 
and hence the advantage of a little healthy dissent. 
Mr. James Johnstone, of Edinburgh, is a prominent 


member of the class who refuse to accept the recent — 


developments of electrical theory. He is no novice in 
the study of electricity, for he seceded from the 
orthodox school more than fifty years ago, differing 
from Faraday on his theory of induction by polarisa- 
tion of the atoms of the dielectric, and claiming to 


have converted him by a letter, sent to him in 1839, to | 


the belief that electricity passes through glass by con- 
duction and not by induction. Mr. Johnstone has 
expounded his views in two pamphlets, one entitled 
“The Ether Theory of 1839 is the True Theory 
of the Leyden Jar,” and another entitled “ Facts 
which prove that Faraday’s Two Force Theory 
of Electricity is False”. We have also had the privi- 
lege of seeing Mr. Johnstone’s experiments at his 
laboratory at Dalhousie Terrace, Edinburgh, and some 
of these are sufficiently remarkable to be of great inte- 
rest to electricians. Mr. Johnstone’s theory of the 
‘Leyden jar differs considerably from that which is 
generally accepted. In his opinion, induction is a 
myth, and electricity will pass by conduction through 
glass of the best insulating quality. He considers that 
by his experiments he has proved that in charging a 


_ Leyden jar, electricity passes at first by conduction, 
through the glass, “but the moment the _ electricity 
begins to pass by conduction through the glass, it imme- 
diately acts on the particles of the glass, by increasing 
their attraction, so far that it has the effect of stopping 

_ the passage of the current of electricity through the 
glass to a slight extent, but the current goes on by con- 
duction at a diminished rate until the increased attrac- 
tion of cohesion of the glass entirely stops the passage 

of the electricity.” In proof of this thesis, Mr. John- 

_ stone offers the following experiments :—A test tube 
about 8 inches long and 1 inch in diameter, without 
any extra thickness of glass at the closed end of the 
tube, or other imperfection, is slipped on the positive 

. electrode of an influence machine, so that the terminal 
ball reaches close up to, but does not touch the inner 
end of.the tube ; and the ball of the negative terminal 
is brought within a quarter of an inch of the outside 
bulb of the tube. On turning. the machine, sparks 
are seen to pass from one terminal of the machine 
to the other, through the substance of the glass, 
and on examination the tube will be found to 
be quite free from perforations. This unexpected 
result can easily be obtained by anyone who chooses to 
repeat the experiment. In another experiment Mr. 
Johnstone sends positive sparks into a Leyden jar, 
supported horizontally on insulating pillars, and having 
a break in the wire connecting the outer coating to the 
earth. The direction of the current in the sparks enter- 
ing the inner coating and leaving the outer. coating of 

_ the Leyden jar are indicated by insulated gas flames 
placed in the path of the sparks. It was discovered by 
Mr. Johnstone in 1839 that these flames are deflected | 
in the direction in which so-called positive electricity 
is passing. At the commencement of the charging, 
positive electricity is found to leave the outer coating © 
apparently at the same rate as it enters the inuer coat- 
ing, but at the end of the operation the discharge from 
the outer coating gradually falls off and finally ceases. 
If a wire is passed through the stopper of the jar, so 


that part of the wire passes into the interior of the jar, 
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while the outer end is pointed and bent at right angles 
till the point projects over the edge of the jar, Mr. 
Johnstone finds that as long as positive electricity is 
passed into the interior of the jar, positive electricity 
continues to leave the outer coating. This does not stop 
. a8 in the former case, but may be continued for any 
length of time. | 
Now, do these experiments necessarily prove that 
electricity passes through glass by conduction, and that 
induction is a myth? With all respect to Mr. John- 
stone, we think not. The experiment with the test 
tube is a remarkable one, and it will be new to most 
electricians to see the electrical spark apparently passed 
through glass without perforating it. We have our- 
selves repeated the experiment, and we believe that the 
following explanation is correct. In the case of all the 
test tubes we have experimented with we have found 
_ that even when thoroughly dried they are compara- 
tively good conductors for the electric spark from an 
influence machine. Hence, in the experiment described 
above, when the spark from the positive electrode of 
the influence machine strikes the interior of the test 
tube, an equal quantity of electricity must leave the 
outer coating; just as when a billiard ball strikes one 
of two billiard balls lying in contact the outer ball will 
be driven off without apparently producing any move- 
ment in the ball which was struck. The charge 
imparted to the inner surface of the test tube is now 
quickly dissipated by conduction, and the interior of 
the tube is ready to receive another spark with exactly 
similar results. In the case of a Leyden jar with glass 
of good insulating quality the first spark of electricity 
imparted to the inner coating will cause a similar 
spark to leave the outer coating, but the second, third, 


or some succeeding spark will cause a spark to | 


leap from the inner to the outer coating, through 
the mouth of the jar if the jar is open mouthed. 
This last result, it appears to us, completely ex- 
plains the action of Mr. Johnstone’s pointed wire. 
The wire being a conductor and pointed, reduces the 
resistance of the path between the inner and outer 
coatings of the;jar, and permits the electricity to flow 
between them, even when the potential is much below 
its maximum with the ordinary arrangement of the 
jar. | 

Mr. Johnstone, in his book, also discusses the 
classical experiment employed to show the phenomenon 
of electrostatic induction, in which an insulating con- 


ducting cylinder is placed with one end near to a — 


conductor charged with electricity. He found by his 
insulating flame that a current of electricity was pass- 
ing through the air space between the two conductors, 
and his explanation of the phenomenon is that a 
current is continually flowing along the line of con- 
ductors, which current is dammed back, as it were, by 
_ the greater resistance of the air, and appears as a charge 
of positive electricity at one end of the insulated 
cylinder. We have not been able to make any experi- 
ments to confirm Mr. Johnstone’s statement as to the 
passage of electricity through the dielectric air, but at 
least in one of his deductions, namely, that the potential 
is greater at one end of the cylinder than at the other, 


few years ago. 


he is wrong. He may easily convince himself of this 
by connecting the opposite ends of the cylinder to the 
two poles of a quadrant electrometer. 


We think that Mr. Johnstone is right in his view | 


that there is only one kind of electricity, the so-called 
negative electricity being due to a diminution of the 
normal charge. Whether or not he is right in his view 
that electricity is matter, depends greatly on what defi- 
nition of matter he adopts. It is impossible also, we 


| think, to prove that he is wrong in supposing that, 


under certain conditions, electricity (if it is a sub- 
stance) passes through the substance of a dielectric. 
All that is necessary, however, to support the modern 


_ theory of induction is, that during its passage it stores 


up the whole of its energy in an elastic dielectric in 
such a way that the dielectric has the power of restor- 
ing it more or less completely to the electricity during 
discharge. The controversy as to whether induction is 
real or imaginary, appears to us to resolve itself into a 


logomachy. 


ELECTRICAL STANDARDS. 


THE necessity for determining accurately the value of 
the electrical standards is growing day by day, and it 
seems time that energetic steps were adopted to 
have the matter taken in hand. The work of carry- 
ing out the determination is by no means easy, but so 
many practical suggestions have been put forward, 
and so many preliminary experiments made by 
various workers, that the chances of obtaining re- 
liable results are vastly greater than they were a 
Some time since, Lord Rayleigh 
advocated certain work which he considered neces- 
sary to be done before the conditions for an accurate 
determination of the value of the ohm could be ad- 
vantageously discussed. This work, at least one of 
the papers read before the British Association, stated 


had been accomplished, and therefore, in view of the 


practical necessity for an authoritative determination 
having arisen in connection with the standardising labo- 
ratory, the author thought the time ripe for the whole 
matter to bé dealt with. In view of the extreme im- 


portance of the subject, it seems reasonable that a 


Government grant should be obtained for the purpose, 
and this would, we believe, be largely supplemented 
by the free-will offerings and labour of those in- 
terested. In view of the fact that the adoption of 
a correct standard is an international matter, it is of 
great importance that the work be carried out in this 
country as thoroughly as ‘possible, no expense being 
spared to effect the required object in a manner 
which shall disarm criticism. If this is not done, we 
shall. be liable to have the results questioned by others 
who have been privately working, and who may claim 
that they have arrived at their determinations by 
methods and with apparatus equally efficient with those 
employed by our own scientists. In fact, we believe 


..that it was some such argument as this which led 


to the absurdity known as the legal ohm, which, 
however, fortunately never came into actual use. 
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SIR WILLIAM THOMSON’S B.A. paper 
on Anti-effective Copper in Conductors 
is not only of scientific interest, but 
has, in addition, great practical value.. The author 
shows that though the ohmic resistance of a conductor 
may be reduced as its cross section is increased, a 
thickness is soon reached at which, notwithstanding 


Waste in 
Transformers, 


the reduction of the ohmic resistance, an addition of 


copper causes an increase in the heat generated by an 
alternating current in the conductor. This results 
from an unequal distribution of the current through- 
out the cross section of the conductor which is 


caused by parasitic currents generated inductively 


in its mass. After a certain point, then, not 
only does increasing the copper fail to give an 
advantage, but it is productive of actual loss, or 
becomes, as Sir W. Thomson puts it, anti-effective. 
These considerations are specially applicable to the case 
of coils consisting of several layers of wire laid above 
each other in series, as in the various forms of trans- 
formers ; but the author shows that a remedy for the 
evil indicated may be found in employing a stranded 
conductor which has its separate wires insulated from 
each other by a slight coating of varnish or other 
In his paper on Alternate Cur- 
rents in Parallel Conductors, Sir William Thomson 
considers the effective resistance offered by con- 
ductors to alternating currents or rapid discharges of 
electricity. 


MR. PREECE’S interesting paper “On 
the Character of Steel used for Perma- 
nent Magnets,” gives the results of a large number of 
experiments on magnet steel made at the Post Office. 
It will be seen from the figures that the French speci- 
mens are much superior to those supplied by English 
makers, as far as strength is concerned; at the same 


Permanent Magnets. 


time it is possible that in the former the magnetism ‘ 


may be less permanent, and we believe we are correct 
in saying, that in instrument work, permanence is of 
quite as much importance as strength. We are pleased 
to note that Mr. Preece means to further investigate 
the matter, when the point to which we have referred 


will doubtless receive full attention. 


MESSRS. LAWRENCE AND HARRIES 
have supplemented their paper read 
before the Institution of Electrical 

Engineers, by one read at the B.A. meeting, in which 
further experiments are recorded. This time they used 
the currents from actual lighting circuits, and obtained 
results widely different from those given in their pre- 
vious paper. The figures given in Table C, showing the 
variation in the strength of the current with the con- 
tact area, seem very extraordinary, and demand further 
elucidation. That there is a relation of some kind is 
undeniable, but from the readings it seems impossible 
to formulate any definite law respecting it. The paper 


and the conclusions at which its authors arrive are 


before our readers, who can, themselves, extract from 


_ it such information as they think may be of service. 


The main conclusions are that an alternating current of 
100 volts sends through an ordinary individual, touch- 
ing the poles with his hands, a current which produces 
muscular fixation, thus depriving him of the power to 
release himself, while by a direct current no such 


effect is produced. The obvious moral is—Don’t touch 
the poles at all, advice which most users of panied 
will be pleased to take. 


| THE National Electric Light Asso- 

ciation held its twelfth convention at 
Cape May and deliberated upon topics 

of common interest to the electrical fraternity. As 
usual, many of the questions under discussion were 
more or less of local importance, but those which 
May claim universal attention were by no means 
plentiful. Prof. John P. Barrett read a paper on 
‘Electrical Industries and the World’s Fair,” setting 
forth the deficiencies in matters of electrical ex- 
hibits at the Paris Exhibition of 1889, and he ex- 
horted his hearers to make the utmost effort for a 
gigantic display of American electrical machinery at 
the proposed great exhibition of 1893, to be held at 
Chicago. At the present time there are in the United 
States some 430 separate companies and individuals 
who may be expected to apply for space, but everyone 
of this number will probably defer action until the last 
possible moment, unless the importance of securing the 
necessary space and having the exhibit in readiness 
within the appointed time, is impressed upon them. 
Some of the manufacturers will have to be coaxed into 
making exhibits, while others will hesitate on account of 
the expense entailed. The author criticised the methods 
adopted at Parisand other exhibitions, and suggested that 
exhibits should be arranged according to the various 
types of apparatus, irrespective of the main display of . 


_ the exhibitor. That is, to place all telephone apparatus 


and everything thereto appertaining in close proximity ; 
the same with telegraphic apparatus, arc lighting 
dynamos, incandescent machines, motors, &c. The 
carrying out of such a plan will, of course, give two or 
more separate exhibits to each manufacturer, and thus 
entail additional expense, both in the matter of suitable 
furniture, and possibly in the matter of attendance ; 
but all this additional outlay would be more than 
returned in the excellent results attained, and in the 


simplifying of the study of any particular type of appa- 


ratus. This suggestion has scarcely the merit of 

novelty ; at English exhibitions, especially those of an 

engineering character, this method of grouping allied 

subjects has frequently been carried out as far as it was 
_ possible to do so. 


“ WHEN the development of electric 
currents, on a large scale and at small 
cost, first became possible by reason of 

recent discoveries, the question of the dangers to life 
and property attending their use was brought promi- 
nently before the public, just as the dangers attending 
the use of steam, of rapid locomotion on railroads, and 
of dynamite were brought to the attention of the world 
when these powerful agencies first left the experi- 
mental laboratory of the chemist or engineer to take 
their part in the ordinary labour and business of life.” 
With these words Prof. Henry Morton opens a paper 
‘on “The Dangers of Electricity.” He maintains that 
a much smaller number of people are killed or injured 
by high pressure boilers than by low pressure ones ; 
the same relation has been found between dynamite 
and gunpowder, the former having largely reduced the 
proportion of accidents and injury as compared with 
the work done. Without these “dangerous” agencies © 


Prevention of 
Accidents from 
Electric Currents, 
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man would be reduced to the lowest condition of 
savagery, when he would be at all times helplessly at 
the mercy of the “elements,” or the blind forces of 
nature. Referring to accidents from high tension cur- 
rents, the author states that the “ Employer’s Liability 
Assurance Corporation ” had collected a mass of mate- 
rial from a great variety of sources, and it has formu- 
lated a series of rules for the protection of those em- 
ployed in erecting and operating electric apparatus 
involving the use of dangerous currents. These rules 
have been examined and approved by several promi- 
nent electric companies, and so far it would appear as 
if no accidents have resulted from the use of electric 
currents where these rules have been followed, and that 
most, if not all, the accidents which have occurred 
would have been prevented had these rules been 
obeyed. | | 


IN his concise paper before the 
_ British Association, Mr. Barber Starkey 
sets forth the history of his discovery of the effect of 
carbonate of soda upon the sulphate in lead sulphuric 
acid cells. We have repeatedly referred to this subject 
in our columns, and need only mention now the present 
statement of Mr. Barber Starkey, which is to the effect 
that according to his experience it is no longer neces- 


Secondary Cells. 


sary to passa heavy current through cells to prevent — 


sulphating, and he suggests that it would be more satis- 
factory to use larger cells than has hitherto been 
customary for stationary work, and both charge and dis- 
charge them at a considerably lower rate than at present 
recommended, thereby enormously increasing the life 
and efficiency of the cells, and leaving a large surplus 
in case of emergency. His own cells have been treated 
in this way, and they have not materially deteriorated 
after nearly five years’ use. The author also recom- 
mends the use of soft lead grids in preference to those 


of a hard and brittle alloy. The desirability of this 


we were the first to point out some years ago, 
when lead-antimony grids came into fashion, giving 
substantial reasons for our assertions, and, we believe, 
the practice of using the latter has been aban- 
doned by those who formerly advocated it. If it is 
desired to use separators between the plates, a very 
simple and cheap way to make them is to use perforated 
porous paper which has been saturated in melted 


paraffin wax, this, says the author, stands well in dilute 


acid, and he had some in use ‘for several years. 
Referring to his method of preparing a solid electrolyte 
of plaster of Paris 1, sawdust 2}, and dilute sulphuric 
acid until set into a compact porous mass, Mr. Barber 
Starkey relates that the cells filled in this manner and 
used on the Barking Road tramcars have apparently 
been a failure, although he had some success with this 
process in his own set of batteries. The defect of this 
arrangement would appear to be that it must hinder 
the free circulation of the liquid, and also add to the 
internal resistance of the.cell, whilst, on the other hand, 
it prevents the plates from buckling, retains the active 
material firmly in its place, preserves the plates from 
injury and makes the cell very portable. 


THERE are in the United States some 
15,000 electric motors in use for almost 
every conceivable purpose, and the 
great majority of these are connected with central 
stations. One of the difficulties experienced by central 


Determining klectric 
Motor Rates. 


station managers was the charge that should be made 
to consumers for the use of electric energy. If all these 


motors were in constant use and giving off constant | 


power, then it would be an easy matter to determine a 
fair rate for the current consumed, but few, if any, 
motors are doing constant work, some are at times much 
overloaded, others are never worked to their full 
capacity, and, as a rule, machinery in workshops must 
stand idle for considerable periods when work is being 


removed, prepared, or set in machine tools. Mr. H. L. — 


Lufkin has made an accurate study of the conditions 
which obtain in various trades relatively to the 
average power consumed by machinery, and he has 
set forth the results in a series of diagrams illus- 
trating the paper he read on this subject at the 


National Electric Light Convention. These diagrams 


illustrate the fluctuations in the current supplied 
to motors in actual practice, they give the maxi- 
mum, minimum, and average readings, the current 
consumed in driving the shafting, and the peculiarity 
of the records of motors operating lifts. In some cases 
it is shown that over 60 per cent. of the average power 
developed by the motor is employed solely in over- 
coming the friction of shafting, where one large motor 


drives a number of machines. This would point to 


the advisability of using a number of smaller motors 
driving individual machines, and it is merely a question 
of relative efficiency between small and large motors. 
In a typical case of a 15 H.P. motor working litho- 
graphic presses the maximum rate consumed is 10 H.P. 
The user is given a 10 H.P. rate at $60 per month, but 


‘ the average power consumed is but 6:7 H.P., therefore 
_ he pays $9 per H.P. per month instead of $6 per H.P. 


for the power actually consumed. This difficulty, we 


think, could be easily overcome by attaching to each 


motor circuit a special meter. Meters of the ordinary 
kind for electric lighting are complicated and expensive, 
owing to the wide range they must have. Now a 


70-ampère motor could never use less than 10 ampéres, 


even if running an idle lathe or shafting, thus the 
extreme range would be about 1 to 7. Such meters 
could be made very cheaply and yet be perfectly 


accurate within such narrow limits; by this means — 


both suppliers and consumers might be satisfied. 


THE resuscitation of the scheme for 
Phe West india à direct cable between Spain and Cuba, 
has given the Spanish technical press 


an opportunity of again inveighing against the conces- 


sion granted in 1868, to the West India and Panama 
Telegraph Company, for a period of 40 years. This 
concession was given with the intention of making 


_ Cuba the centre of all the West India telegraph com- 


munications, the wording being to the effect that direct 
submarine telegraph lines should be laid between Cuba 
and Puerto Rico (two Spanish islands), and radiate 
from Cuba to Panama, to Mexico, and to South America. 
The telegraph company, however, instead of complying 
with the stipulations of the concession, laid a cable 
from Cuba to Jamaica, from Jamaica to Puerto Rico, 
from Jamaica to the isthmus of Panama, and connected 
up South America vid the other West India ‘islands, 
and in this manner declared the clauses of the con- 
cession fulfilled. The article from which we quote 
says :— It is with shame that we must confess that this 


contempt of contract, this injury to national interests 


was consented to by the Spanish Administration.” We 
are told that, not content with this infraction of the 
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most vital clauses of the concession, the telegraph 
company, jealous of its privilege, has taken every 
possible measure to prevent any other persons establish- 
ing a direct communication between Cuba and Paerto 
Rico. In view of the fact that the company has in no 
way fulfilled the stipulations of the contract, the con- 
cession must zpso facto become null and void, and it is 
the duty of the Spanish Government to further in every 
way the laying of a cable between Spain and Puerto 
Rico, and between Puerto Rico and Cuba. 


JUDGING from several letters which 


ee a recently appeared in Nature, it 


seems that the time is not far distant when some radical _ 


changes will be made in British Association procedure. 
The points touched upon in these communications, 


however, do not stand alone, for a comparatively new 


departure in the ethics of ‘learned ” bodies has recently 


- been made, which, if further developed, will scarcely 


tend to raise the standard of associations sanctioning such 
questionable policy. Two at least of the papers read 
before the British Association meeting had previously 


appeared in extenso in one of the scientific journals, and 


naturally it often occurs that the same individual sub- 
mits papers on a certain subject before two or more 
societies. As a rule, the author has good taste enough 
to vary the text, and to introduce into each some special 


point of interest not common to both. But to write an 


article in a journal, get the credit, if nothing else, and 
subsequently present this very same article in the form 
of an original paper to the B.A., indicates motives 
which Mr. 8. A. Varley would characterise as of ques- 


tionable morality. Considering the publicity which | 


is given to the deliberations of the British Association, 
there is not even the excuse of a desire for self-adver- 
tisement, and we can only put down such conduct 
either to a want of originality on the part of the 
authors, or to an utter indifference to the object which 
brought the association into existence. Had the authors 
been small fry there is but little doubt that their con- 
tributions would have been tabooed, but in the same way 
as there is said to be one Jaw for the rich and another 
for the poor, so it seems that science panders to the 
great at the expense of its more humble devotees, 


THERE is one means by which the 
B.A. meeting is rapidly bringing itself 
into world-wide notoriety, and which for several years 
past has been getting more and more ludicrous; we 
allude to the strange hallucinations under which Mr. 
W. H. Preece seems to labour and which give rise to 
those frequent utterances which at once make him the 
comic man of the party. In the daily press reports 
of Section G, last Tuesday, we noticed that Mr. Preece 
spoke of the extreme importance of preventing dangers 
to the public. During a lifetime associated with elec- 
tricity, he believed he had experienced a million shocks, 
Small as were some currents, they possessed a certain 
amount of danger from shock or fright to the indi- 
vidual affected, and might perhaps cause stoppage of the 
action of the heart. Now, taking Mr. Preece’s age as 56, 
a trifling calculation would apparently show that he has 
been receiving shocks, more or less severe, during all 


The Latest 
Millionaire. 


these long years at the rate of 50 per day, and yet he 


survives. But seeing that he did not enter the electrical 
profession until he was 18 years of age, and making 


due allowance for Sundays and B.A. meetings, he has 
undergone muscular contractions during business hours 
at the rate of say, one in every five minutes, knocking 
out the decimals. The genial electrician of the Postal 
Telegraph made some farther remarks upon skin resist- 
ance, and it is to be hoped that next year he will be able 
to place before the meeting a precise definition of both 
a thin and thick-skinned individual. We fear, however, 
that if he does not curb his too lively imagination, he 
will sooner or later receive a shock, not necessarily 
electric, which will seriously discount his remarkable 
gifts.as a lecturer on science, even if it falls short of 
the beating of his large heart. 


Newspaper Technic’ yet come to an end, is evidenced by 


the correspondence in the Daily Telegraph on electric 


carriages, where the advisability of having private | 
vehicles propelled by electricity is being as gravely 
discussed by people who know nothing whatever of the 


subject, as is that more complex matrimonial problem, 
originated by a recent breach of promise case, by those 
who apparently know still less. Let us first see electric 
tramlines commercially successful before troubling our 
heads with minor matters which can very well wait 
their turn until the time is ripe, if it ever comes, for 
dealing with them. PES 


PROF. OLIVER LODGE must have 
experienced a proper degree of pride 
__ during. the past week. Not only was 

a paper of his, previously published, read at the B.A. 
meeting, but an admirable portrait of the author of 


A Graceful Compli- 
ment. 


_.“ Modern Views of Electricity,” which probably ex- 


cited the envy of all his less-favoured compeers, 
appeared as a supplement in an esteemed contemporary, 
the price of which, in honour of the event, or more 
probably in the true interests of =. was raised 50 


per cent. 


THE Pheenix Fire Office Rules have 
met with another rebuff at the hands 
of Mr. Wilson Hartnell, who, in his B.A. paper, recom- 
mends the adoption of those compiled by the Institu- 
tion of Electrical Engineers. We hope soon to be able 
to devote special attention to this matter, the import- 
ance of which is shown by the completely opposite 
views taken on existing rules. 


Fire Risk Rules. 


WE have received an interesting 
account of the opening of the new 
telephone exchange in Georgetown, 
British Guiana, which is arranged for 200 subscribers. 


The Georgetown Tele- 
phone Exchange. 


‘The whole of the work, which commenced last De- 


cember, has been carried out by Creole labour, superin- 
tended by the Government Electrician, Mr. Samuel 
Vyle, who may perhaps be remembered by readers of 
the REVIEW of some years’ standing. From what we 
can gather, Mr. Vyle has made himself quite indis- 
pensable in his sphere of operations, and appears to 
have become immensely popular with the Georgetown 
community. 


THAT the “Silly Season” has not 
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ELECTRIC LIGHT IN NEWSPAPER OFFICES. 


THE advantages of the electric light are probably more 
fully to be found in the establishment of a daily news- 
paper than in most places, and the progress of the light 
in printing establishments throughout the country has 
become very marked. The latest installation of which 
we are aware is that at the offices of the Manchester 
Examiner and Times. This is an old-established paper, 


but it has of late changed hands, and the present pro- 


prietors have been making thorough changes with the 
view of enhancing their property, and one has been in 


installing the electric light in the place of gas; gas, | 


however, is highly valued in this establishment, for it 
is used with one of Crossley’s largest sized engines for 
driving the various printing machinery. 

The installation in its present form consists of over 
200 incandescent lamps of 16 C.P., but a larger number 
will be shortly added. The entire work has been car- 
ried out by the Manchester Edison-Swan Company, 
Limited, which has done the principal electrical work 
in this district for many years. ey 

The lamps are placed throughout the building from 
the printing and paper rooms, where there are 32 lights, 
to the top, where over 100 lights are placed in the 
composing room. The offices and publishing depart- 
ment on the ground floor, the editor’s and other rooms, 
are fitted up and appear to have been arranged with 
the view to extra light and comfort. The dynamo is of 
the company’s Lancashire type, having a capacity of 
300 lights, at an E.M.F. of 100 volts, with 900 revolu- 
tions per minute. It, however, is arranged, in this 
case, to run at 600 revolutions per minute, giving an 
output of 220 to 230 lamps at 100 volts. The engine is 


‘ a special vertical electric light engine, by Marshall, of 


Gainsborough, with double fly-wheels, complete, for 
this special work. The speed is 150 revolutions per 
minute. The boiler is of the locomotive type, also by 
Marshall, arranged with the flue drawing downwards, and 
specially arranged to suit the confined situation it has 
to work in. The engine has been so fixed and arranged 
that in case of any accident or breakdown to the gas 
engine, it can be coupled up to drive the printing plant 
and other machinery. The wire and cable used 
throughout the installation is of Glover’s double rubber 
insulation, and the capacity of the copper is calculated 
on the basis of about 750 ampéres per square inch. 
The cut-outs, switches and holders, are all of the Man- 
chester Edison Company’s own patent type.. The 
fittings are generally of a plain description, most of the 
shades being 9 in. flat opal. The work has been well 
carried out by the staff of the company, under the able 
supervision of their manager, Mr. M. P. James Fawcus, 
A.I.C.E., to whom the credit of planning out the entire 
arrangement is due. The installation has been started 
running within the last few days, arid is working very 
successfully. 7 


COMMUNICATIONS FROM AUSTRIA- 
HUNGARY. 


[FROM A CORRESPONDENT.] 


AS I already announced to you on a former occasion, 
the town of Teplitz purposes erecting electric works for 
lighting up this celebrated watering place. The town 
has resolved not to renew the contract for street light- 
ing with the gas-works (which expires on August Ist, 
1891), but to erect an electric central station at its own 
expense, and to carry it on as a municipal electric works. 
Concerning the right of the town to annul the agree- 
ment with the gas company, there prevail different 
views, and it may probably lead to litigation between 
the town and the company. Meanwhile, the muni- 
cipality has already applied for proposals to different 
firms, ¢g., Siemens, Ganz, Schuckert, Egger, Kren- 
enctzky, and Waldock, jun., Wagner, without loss of 


time. Several proposals have been already made to the 
town, both on the part of the gas company and of other 
contractors, applying for a concession for supplying an 
electric current. One undertaking even proposed to 
light up Teplitz, Aussig, and other towns of the district, 
from a common central station. The town, however, 
has declined all these offers, and has voted the sum of 
300,000 florins for the erection of a municipal station. 
Two localities, both within the town, had been pro- 
posed for the works. Subsequently it was judged 
better to erect the works outside the town, close to a 
coal-mine, so that the coal could be at once utilised on 
the spot without the cost of carriage. The coal-mine is 
about 600 metres distant from the town and about two 
kilometres from the most remote buildings to be 
lighted up. As the gas agreement expires on August 
Ist, and it cannot be expected that, in the case of its 


~ non-renewal, the gas company will further undertake 


the public lighting, the town must be prepared to have 
the electric works ready for action by that date. 
. À very interesting process between the city of 


_ Vienna and the Vienna Imperial Continental Gas Com- 
pany has been just decided. The dispute did not refer 


to the carrying out of any definite claim, but formed 
a so-called “ prejudicial accusation.” The city wished 
to have a clear decision as to its future position with 
regard to the gas company, 7.¢., whether the company, 
after the expiry of its agreement, was entitled to leave 
the gas mains in the soil of the city—in other words, 
if the city, after such expiry, would be authorised to 


insist upon the removal of the gas mains. The Supreme 


Court decided that the Vienna Imperial Continental 
Gas Company, after the expiry of its agreement with 
the city, is bound to remove the mains and pipes from 


the ground. This decision holds good, of course, for — 


undertakings for electric lighting with underground 
cables, and is, of course, very important. All such 
undertakings, in default of an express stipulation to 
the contrary, in virtue of the above decision, will be 
bound to remove their nets on the expiry of their 
agreements. | 

The Buda-Pest Tram-line Company (Siemens and 
Halske) has applied for a concession to lay down an 
electric tram-line on the right bank of the Danube, 
which subsequently, after completion of the fourth 
Danube bridge (recently projected), is. to be joined to 


the net of electric tram-lines on the left bank. The 


new line is to terminate in a mountain line, and lead 
up to the celebrated Blocksberg, from which there is a 
splendid view of the city and its vicinity, and which, 
in the last few years, has become a very favourite resort 
of the public of Buda-Pest. 

The Imperial Court management has resolved to 
provide all parts of the royal Hungarian castle, situated 
very picturesquely on the citadel, with electric lamps. 
If an electric installation is erected in Buda-Pest at an 
early date, these lamps are to be attached to the general 
net. If the execution of this project is too tedious, a 
special lighting station is to be erected for the castle, 
though outside its walls. | 


THE DANGERS OF ELECTRICITY* 


By Prof. HENRY MORTON. 


WHEN the development of electric currents, on a large 
scale and ata small cost, first became possible by reason 
of the discoveries of Faraday, Wilde, Gramme, Siemens 
and others, the question of the dangers to life and pro- 
perty attending their use was brought prominently 
before the public, just as the dangers attending the use 
of steam, of rapid locomotion on railroads, and of 
dynamite were brought to the attention of the world 
when these powerful agencies first left the experimental 


* A paper read before the American National Electric Light 
Associatiun, August 20th, 1890. 
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laboratory of the chemist or engineer to take their part 
in the ordinary labour and business of life. | 

In each instance alike there was a class of people who 
took the narrow and partial view, that if an agency was 
dangerous it should be excluded altogether from public 
use, or, what amounted to the same thing, be surrounded 
with such exclusions and limitations as would rob it of 
nearly all its capacity for usefulness, and restrict all 


possibility of advance and development in its appli- 
cation. 


Thus laws were actually passed in England on the 
first introduction of steam, limiting the pressure in 
boilers to 30 lbs. on the square inch. | | 

The first railroad charter contained a clause limiting 
the speed of trains to 12 miles an hour, and when a 
speed of 30 miles was suggested, it was ridiculed in a 
prominent journal of the day as an idea simply insane, 
and it was said that people would just as soon be 
persuaded to allow themselves to be fired out of a cannon 
as to be hurled along at such fearful velocities, which 
would, without doubt, have the most disastrous effects 


_ upon the circulation of the blood and other vital actions. 


Some of us can also recollect the excitement pro- 
duced and echoed in the press on the introduction of 
dynamite, and the stringent laws regarding its trans- 
portation, which in many cases only increased the 
danger to the public by occasioning its surreptitious 
conveyance in passenger and ordinary baggage cars. 
We shall have to be very young indeed not to re- 
member the great popular excitement brought about by 
the daily press when electric lighting first appeared in 
the streets of New York, and when flashes of flame 
were described as proceeding from a horse that had run 
against an electric wire. Boe | 

In all the older instances matters have settled them- 
selves in accordance with the laws of human progress 
and the diffusion of intelligence, and we now have 
boilers running at pressures of 140 lbs. and upwards, 


trains going more than a mile a minute, and gunpowder » 
_ largely superseded by dynamite. 


What is more, the accidents and injuries actually 
produced by these several agencies have been vastly 
less than those caused by the things which they 
replaced. 


A much smaller number of people are killed or 


injured by high pressure boilers than by low pressure 
ones. How rarely do we hear of the explosion of loco- 
motive boilers, which usually carry 140 pounds pres- 
sure. 

The accidents to express trains are as nothing com- 
pared to those occurring with freight trains, and the 
loss of life and injury to passengers by rail is insignifi- 
cant in its percentage to the number carried, when 
compared to similar loss and injury incurred in the 
days of stage coaches. 


The same relation has been found between dynamite 


and gunpowder, the former having largely reduced the 
proportion of accidents and injuries as compared with 
the work done. 

Two lessons are very plainly taught by the facts of 
history above alluded to. : 

First : The world is not going to be frightened away 
from a new and valuable source of power by the cir- 
cumstance inseparable from the very nature of all 
powerful agencies, that it is dangerous if not adequately 
controlled ; but, on the contrary, will develop the new 
power to an ever-increasing and, therefore, more (pos- 
sibly) dangerous intensity. 

Second : Intelligently managed and controlled, the 
most powerful and, therefore, in a sense, dangerous 


agencies, become the most efficient protectors and 


servants of man, and not only aid him in his mission 
of subduing and utilising nature, but actually protect 
him in his work. 

Without these “dangerous” agencies man would be 
reduced to the lowest condition of savagery, where he 
would be at all times helplessly at the mercy of the 
“ elements,”or the blind forces of nature. 

With them he not only defies and subdues the beasts 
which would otherwise be his snperiors, but even con- 
quers and renders tributary to his comfort and advance- 


ment those vast forces which control the entire matter 
of the universe. - 

Applying these lessons taught by the past history 
of the world in parallel cases to the problem of the 
distribution and use of electricity, we see, in the first 
place that the way to deal with its dangers 
ought not to be the timid, obsolete way of prohi- 
bition, or of unintelligent restriction, such as 
that which proposed the exclusion of locomotives 
from railroads, or the limiting of their speed to 12 


miles an hour, but the sensible way of providing ade- 


quate safeguards to the new power, and with these 
allowing it to follow its natural line of development 
and growth into higher and higher ranges of intensity 
and consequent efficiency. — 

It is too well known to all to need statement, that the 
methods thus pointed out by history and taught by 
experience have not been by any means universally 
advocated or followed, and that while many have 
loudly demanded the exclusion of powerful electric 
currents, the limitation of their intensity to what they 
suppose to be necessarily harmless ranges, the users of 
such electric currents have in too many cases neglected 
the most obvious precautions. pot 

It is only fair to say, in explanation of this latter 
‘statement, that this neglect has in many cases been 
brought about by obstructions thrown in the way of 
good work by those who were exciting themselves for 
the total abolition of dangerous currents, and who, like 
certain “ total abstinence ” advocates, objected to eve 
mitigation of the evil they attacked, because any suc 
improvement weakened their case against it. 

_ As regards dangers to property from fires, the matter 
fortunately fell at an early period into the hands of the 


_ Board of Fire Underwriters, who, in a judicious and 


business-like way, investigated the subject and formu- 
lated such rules as have proved eminently satisfactory, 
and have proved that under proper regulations as to 
good work and means of protection, electricity is by 
far the safest means known to us for the distributing 
and development of light, so far as “fire risks” are 
concerned. 

In view of the satisfactory results thus obtained, I 
regard it as a fortunate circumstance that the other part 
of the problem, namely, that relating to dangers to 
human life, has been recently taken in hand by a simi- 
lar organisation known as the “ Employer's Liability 
Assurance Corporation.” 

This association, after collecting a mass of material 
from a great variety of sources, has some time since 
formulated a series of rules for the protection of those 
employed in erecting and operating electric apparatus 
involving the use of powerful, and, therefore, dangerous 
currents. These rules have been examined and ap- 
proved by several of the managers of prominent elec- 
tric companies, and, so far, it would appear as if no 
accidents have resulted from the use of electric currents 
where these rules have been followed, and that most, 
if not all, the accidents which have occurred would 
have been prevented had these rules been followed 
and obeyed. : | 

Having had something to do with the framing of these 
rules, it is my chief object in presenting the present 
paper to secure their criticism by those bestable to per- 
ceive their imperfections, and such suggestions as may 
lead to their beneficial modification or extension. 

I therefore quote them as follows :— 

First. Do not touch or handle any electric wire 
or apparatus of any sort while standing on the 
ground, or while in contact with any iron work, gas 
or water pipe, or stone or brick work, unless your 
hands are covered with rubber gloves, and you are pro- 


‘ vided with such properly insulated tools as have been 


declared to be safe and in good order by the electrician 
or other competent officer of this company. 


If it is at any time necessary to stand on the ground, © 


or on any surface not insulated from the ground, while 
handling electric wires and apparatus, rubber boots or 
an insulated stool should be used. ( 

. In moving wires, hanging on, or lying over, electric 
light wires, lamps or fixtures, use a dry hand line, 
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Second. Never handle any electric wire or apparatus 
with both hands at once when this can be avoided, and, 
if it is necessary to do so, be sure that no current is 
present, or that one or both hands are protected by 
rubber gloves or other efficient insulation. 

Third. When handling line wires, treat each and 
every wire as if it carried a dangerous current, and 
under no circumstances allow yourself to make contact 
between two or more wires at the same time. — 

Fourth. - Never open a circuit which has been in use 
without giving notice to the superintendent, or who- 
ever is in charge, of your intention to do so, and at the 


‘same time request that the same line be opened at the 
main station, and kept open until you have given 


notice that your work on that line is complete. 

Fifth. In.the dynamo room never go near the belts 
or dynamos, nor touch any apparatus unless you are 
fully informed and instructed how to do so. 

Tools used by linemen should be provided with in- 


sulating handles of hard rubber or other equally good 


insulator. It is the duty of each lineman to look after 
his own tools and see that they are in good order, espe- 
cially as to their insulation. 

Sixth. Lamp trimmers and others engaged in the 
care of lamps must see that the switch putting the lamp 


in circuit is turned off before they handle the lamp iu : 


any way. 

Seventh. In construction work, a space of at least 
20 inches must be left between the holes for pins on 
the cross arms, so that a lineman may get to the top of 
the pole and work without danger. 

The same insurance association has collected the 
authentic records of a number of so-called “ electric 
accidents” or accidents happening to the employés of 


electric companies. I have now before me the abstracts 


of 91 such cases. 
The first thing that presents itself in looking over 


this set of abstracts is that very few of the accidents 


are in any way attributed to electricity directly, but 
would have occurred had the establishment in question 
been any kind of a factory where power was being 
used, or any place where heavy objects were being 
moved. A few examples will illustrate this, thus : 

“No. 1. Whilst. steadying with a pike-pole a large 
electric light pole which was being placed in position, 
a passing ‘low-gear’ belonging to the Standard Oil 
Company ran over ankle.” Brat 


“No. 2. While assisting in hoisting a stick of lumber. 


from the street to the second floor of electric station, was 
injured in right foot by having the stick fall upon it.” 

“No. 9. Was going to dynamo, stepped on iron plate 
temporarily covering a belt hole in floor. The plate 
tipped and he fell partly through the opening, injuring 
himself internally.” 

‘ No. 17. Was oiling rocker shaft of engine near fly- 
wheel ; leaned back too far and was struck on head by 
spider of fly-wheel.” , | 

The above are fair samples of the rest, and, in fact, 
out of the 91 cases but 15 (or about 164 per cent.) have 
any direct relation to electricity. 

As I have already mentioned, of the 15 cases in 
which the injury was in any way caused by electricity 
there are none in which the action would not have been 
avoided if the above quoted. rules had been observed. 
Thus, beginning with first in order as arranged in the 
abstracts, all before it having no direct connection with 
electricity, we have : 

“ No. 11. While removing the wire from a Brush 
dial or regulator which had become short-circuited, was 
slightly burned on two fingers of right hand.” | 

In this case the beneficial effect of rule No. 2 w 
manifestly expressed, and had the spirit of rule 7 been 
complied with even the slight injury experienced 
would have been avoided. ee 

The next in order is : 

“No. 20. Was putting carbon in electric lamp which 
was out of order and failed to burn. Received charge 
of electricity, which caused him to fall down from 
step-ladder on to steam radiator. Two ribs broken.” 

This would clearly have been avoided by an observ- 
ance of rule 7. 


_ under the title of “ Electricity in Spain.” 


Time will not permit me to quote all the 15 cases, 
and I will, therefore, only repeat that they would, all 
of them, have been avoided by a strict observance in 
form and spirit of the above quoted seven rules or 
directions. | 

Of course I do not mean to imply by this that these 
rules are perfect or complete, but only that they seem 
to be in the right direction, and to furnish a starting 
point from which further developments may proceed. 

No one having even an elementary knowledge of 
electricity as it existed 10 years ago, needed or needs 
to be convinced of its power to do harm where all 
safeguards are removed, and the occasional declarations 
of its harmless character which have been uttered can 
only be accounted for by reference to that combatitive 
disposition which impels some minds always to take a 
view in opposition to any which may be expressed, and 
gives birth now and then to a book or pamphlet dis- 
proving the law of gravitation or the solar origin of 
light and heat. To say this is, however, far from 
agreeing with the other extremists who would banish 
electricity from our daily walks and occupations, or 
place it under restrictions which might render it harm- 
less, but which certainly would render it relatively 


useless for the countless purposes in which its effi- 


ciency demands its full development. . 

The true opinion is that which is supported by past 
experience, and which advocates the fullest develop- 
ments of power to which this agency can attain, com- 
bined with the use of all the means of protection by 


which human intelligence can protect itself while using 


to the utmost this potent and, therefore, dangerous 
weapon in our victorious contest with the inimically 
destructive forces of nature. 


UNDERGROUND CONDUCTORS IN MADRID. 


THE Ciencia Electrica of Madrid, is publishing a series 
of articles, written by Senor J. Casas Barbosa, formerly 
the manager of the Sociedad Matritense de Electricidad, . 
The electric 
lighting of Madrid naturally claims precedence, and : 
the articles in question deal, for the present, with the | 
operations, in that city, of the company above- 
mentioned. Especial mention is made of the installa- 
tions in the gardens of Buen Retiro and in the park of 
Buenavista, including, in the latter, the illumination of 
the Ministry of War. 

In reviewing the results of the distribution of current 
by means of overhead wires, the conclusion is arrived 
at that this method is altogether unsatisfactory, ex- 
perience showing that it is untrustworthy, precarious, 
and only suitable for purely temporary necessities. 

In view of the uncertain nature of overhead lines, 
the Sociedad Matritense turned its attention to the 
question of canalisation and underground conductors. 

Many difficulties were encountered in realising the 
proposed change, among them being the exclusive 
authority over the public roads assumed by the gas 


‘company, and which had been tacitly assented to by 


the authorities and the. public, though unsupported 
legally. 

In the year 1883, Senores Dalman and Losada obtained 
the right of canalisation over a considerable area, but the 
experiment wasactually extended to only the very limited 
distance of about 2 kilometres. The system consisted 
of a conduit of Portland cement, containing two parallel 
semi-circular troughs. The conduit was covered in with 
blocks of cement. Wires covered with tarred tape 
were laid down, but on account of the damage caused 
to this covering by haulage and the frequent presence 
of water in the conduits, the system failed com- 
pletely. | 

By degrees the tape-covered wires were replaced by 
others covered with impregnated yarns and enveloped 
with lead, but the porcsity of the metal caused fre- 
quent disasters, although, in some cases, the experiment 
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was tried of placing a double covering of lead over the 


wires. 

In 1886 the condition of the cables bad become so 
bad that it became necessary to attempt some further 
remedy. Pieces of wood impregnated with tar were 
placed at short intervals along the conduit. The wood 
was shaped to fit the semi-circular troughs, and on the 
upper edge slots were cut to ‘receive the cables, which 
were thus supended clear of the sides and bottom of 
the troughs. After six months’ service it was found 
that excessive leakage prevailed over the system, and 
on examination it was discovered that an electrolytic 
action had been set up at every point where the cable 
was supported by the wood. These pieces of wood 
were consequently replaced by well-lacquered por- 
celain supports, which have given very much better 
resulis. | | 3 

The author considers that a lead covering to the 
cables frequently constitutes a serious danger, and 
he goes on to say that, in his opinion, a bare copper 
bar, suspended by means of insulators from the 


arch of a conduit, presents the best method of | 


insulating an underground conductor. At the same 
time, the case is quoted of the Barcelona in- 
stallation, where bare copper bars were placed under- 
ground in the manner above indicated. The system 
signally failed, owing to the presence of water in the 
conduits. 3 | | 


the travelling over a slack rope would Dubé pr in- 
teresting and attractive to the general pnblic than a 

Telpherage has taken some years to bring to its pre- 
sent perfection, but during that time the difficulties, 
which have naturally arisen in an undertaking of such 
a character, have been successfully met, and the parti- 
culars now made pnblic seem to be convincing of the 
simplicity and reliability of this, the most modern 


method of transport. | . 8h 
The system comprises arrangements for the transport 


_of a wide range of material, from: minerals and heavy 


freight to light packages, the lines being constructed 


for the particular purposes for which they are required. 
‘These lines partake of the same general character, the 


practical effect being an overhead line, with carriers 
specially suited for the employment of electricity in 


_ the transmission of the power required. 


The Edinburgh line consists of over a quarter mile 
of track, the flexible portion of it being constructed in 
spans of 950 feet, and the rigid ends in spans of 15 feet. 
The stand ropes on which the locomotive and carriages 


travel are of crucible steel, and 14 inches in diameter. 


‘These are tightened, so that with a full load on the line 
there is a sag of about 2 feet 44 inches on the spans 
covered by the train. 

. The arms supporting the stand rope are arranged so 
that they move in either direction, allowing the sag in 


« 
Vent 


We would also point out that in: an earlier portion 
of the article the author refers to the installations 
at the club “Union Mercantil,” and at the theatre 
“ Romea,” where the conductors, underground cables 
covered with India-rubber, have given exceptional 
satisfaction, the lengths of circuits being, altogether, 
about 16 kilometres. | 

In view of the extensive experience which Senor 
Casas Barbosa apparently has had with different 


systems under various conditions, his opinion as to the | 


efficiency of bare copper rods deserves some measure of 
attention on the part of those engaged in laying under- 
ground electric light wires. We may add that the 
climate of Madrid is, generally speaking, very dry, 
with extremes of heat and cold. 


CHEAP TRANSPORT. 


THE Electrical Engineering Corporation of London and 
West Drayton, since securing the sole rights for the 
Telpher system of cheap transport, have been vigor- 
ously developing the system, and determined to put up 
a Telpher line on a practical scale at the Edinburgh 
Exhibition to show the most recent improvements, and 
to 80 arrange the line as to carry passengers, and de- 
monstrate the advantages of the system for the trans- 
port of goods. Asa rule, they recommend rigid lines 
for the carriage of passengers, but, it was thought that 


‘in circumference. 


ER 


the rope to follow the train as it moves along, thus 


obviating any undue strain upon the posts themse]ves 
The stand rope at its junction with the rigid rail passes 
from a special descent junction saddle, 80 arranged that 
the train rises from the rope on to the rigid rail without 
any jerk or other unsatisfactory movement. From the 
junction saddle it passes direct to a structure termed 
the abutment post; this is fastened to the substantial 
anchorages in the ground by flexible steel ropes 5 inches 
The strain upon the ends of the 
stand rope with a fully-loaded train is about 5 tons, 


and the strain upon the anchorages about 8 tons. 


The current is conducted along a condactor, which 
is not attached to the insulators on which it rests at 
any point, but merely rests upon them. From the loco- 
motive a rigid arm projects underneath the conductor, 
but above the insulators, and slides along under the 


conductor, lifting it off the insulators as the arm passes 


them, allowing it to rest on them again after it has 


passed. This method of collection, which -is-recom- 


mended in the “ Waller-Manville ” system of electrical 
traction, is proving admirably satisfactory. : 
' The train, as will be seen from the illustration, is a 


very practicable one ; the cars, which with the plant 


and the rest of the equipment were made at the works 
of the Electrical Engineering Corporation at West 


: Drayton, are built much in the fashion of railway 


carriages, each car having two compartments and 
holding four persons, and each compartment being 
entered from a door with a railway latch. The space 
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more active policy on the part of Spain. 
results of French enterprise and influence, always a 
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in the cars between the passengers is the same as is 
allotted on the District Railway in their: second class 


coaches. The whole of the car is suspended by iron 


-hangers from two bogie trucks, the bodies of which 
latter consist of iron castings resting on. the axles 


of the wheels at each end, and the hanger does not 
depend directly from the body. of the bogie truck, but 
rests upon two vertical springs contained in boxes on 


each side of the body. 


The locomotive consists of what is termed by the 
corporation a swinging tub, and the motor drives a 


- small countershaft, to one end of which is attached an 


electrical governor to maintain a set speed ; the other 


end of the countershaft has upon it a chain wheel which 


drives directly upon a larger chain wheel contained on 
the upper frame. The motor is suspended from the 
upper frame by a hanger, so arranged.as to allow the 
whole to swing, the swinging movement thus allowed 
not interfering with the motion of the chain, as it isa 


_ movement radially to the centre of the large chain 
- ‘wheel on the upper frame. The upper frame contains, 
in addition to the large chain wheel, two driving wheels 
With malleable cast iron tyres to grip the rope, each 
attached to a chain wheel driven from the shaft sup- 


porting a large central train wheel. —s. 
The working of the line has, up to the present time, 


given every satisfaction, and has eticited considerable 


attention. 


SPAIN AND MOROCCO CABLES. 


THE Ciencia Electrica of Madrid, publishes an article 
upon the long felt want of some speedy and trustworthy 


means of communication between Spain and her pos- 


sessions on the northern coast of Africa, and cites.as an 
instance of this necessity, the recent troubles at Melilla, 


a Spanish fortress and convict settlement on the Riff — 


coast of Morocco. 


It is pointed out that as a first step towards protecting 
Spanish interests in Morocco, the example should be 


followed of the English, who have laid a cable between | 


Gibraltar and Tangiers. This step is all the more neces- 


gary, in view of the atiacks so frequently made on the 


Spanish outposts, by uncontrolled tribes, there being 
no telegraphic communication between the various 
military stations, or with the Peninsula. Considering 
the urgency of the case, the cost of the proposed cables, 
though assuredly a considerable item, ought not to be 
looked upon as an insuperable difficulty. | 

The Royal Decree of August 14th, inviting tenders, 


contains full details of the scheme, and particnlarises 


the proposed lengths of cables, as follow : 


| “Light 
| | | 
Tarifa-Tangiers ... 60 | 1C0 | 60 | = 30°80 
Tarifa-Ceuta ........ | 180 | 40 = 22:00 
Almeria-Alboran... 60 200, 60 | 150 36-60 = 83°60 
Alboran-Melills GO 100: 60 10°0 | 18:80 | = 52:80 
_Melilla-Chafarinas 6:0 90! | = 29°15 
Melilla-Albucemas 70 | 200 | 60 |150.. 36-60 = 84-60 
Alhucemas - Peñéa | | | | 
de Vélez …... | 6:0 100 . 60 | 880... | = 80°80 
Totals.—N.M. = | 430 90:0 | 43-0 on 75 | 92:0 | = 333°75 
| | 


With the exception of Tangiers, the proposed cables 
connect up no points of commercial importance, their 


raison d'être being purely political, and the attention 
now paid to the Morocco question is significant of a 
Fear of the 


thorn in the side where Africa is concerned, has no 
doubt assisted towards the inauguration of a more — 
mined course with regard to Morocco, 


- by - electricity, - 


À 


‘NOTES. 


. Burton Backward.—.At a recent meeting of the 
Barton-on-Trent Town Council, the Gas Committee 
reported the receipt. of. the Parliamentary Electric 
Lighting Order, but.added that they had as ve taken 
no further steps in the matter. 


The Electric Light at Huddersfield.—At the last 
monthly meeting of the Huddersfield Town Council, it 
-was reported that the sub-committee had considered the 
advisability of taking steps for establishing an electric 
lighting station, under the provisional order which the 
corporation had obtained, and had appointed the mayor, 


the chairman, the vice-chairman of the sub-committee, 


and Mr. Calvert to inspect the electric light systems 


in operation in other towns and to report thereon. 


Palace Lighting. — The Emperor of .Austria has 


decided that the electric light shall be introduced into 
his palace in Vienna, the Hofburg, where till now wax 


lights have generally been employed for the purpose 
of illumination. _ About 8,000 incandescent lamps will 
be required to light the building throughout. 


Execution by Electricity —A telegram from New 
York dated the 11th inst., reads :—“ Thé writ of habeas 


corpus in the case of the J apanese Shubuya Jugiro, who 


was convicted of murder, and sentenced to be executed 
as been refused. ‘The counsel who 
resisted Kemmler’s execution presented a writ declaring 


that the condemned man would be carbonised 


and tortured to death. The jadge, in dismissing the 
writ, alluded to the sentence carried out on Kemmler 
which, he said, the United Sta tes Supreme Court had 
decided was legal. og 


Telephonic between London and 


Paris.—The Hythe Town Council, on Wednesday, 
granted permission to the Postmaster-General to erect 
— and wires in the borough, | 


The Electric Light at Lewes.—At a recent meeting of 
the local town council, the question of electric lighting 
was discussed. Mr. Farncombe, comparing the advan- 
tages of gas and electric lighting, said the Giilcher (New) 


Electric Light and Power Company, as notified in last 


week’s REVIEW, proposed to give 240 lamps of 16 candle- 
power, and to light seven and a half miles of streets, 
at a total annual cost of about £600, as against £800 now 
paid for the 200 odd gas lamps. He believed the pre- 


_ sent gas mains only extended over about five miles and 


a half. If the council erected the plant themselves and 
capitalised the cost in the usual way, the total yearly 
expense of the electric light would be about the same 
as now paid for gas, while in the course of time the 
whole of the plant would belong to them and there 
would only remain the cost of maintenance. 
had stadied the subject, declared that where electricity 
had been introduced the gas companies had done 
better business than before. The contrast between 
electricity and gas was so striking that the gas con- 
sumers was compelled to go in for improved burners 


and more gas lights, consequently they burnt more gas. 


Several of the largest ratepayers in Lewes strongly 
urged that the electric light should be adopted. He 
saw a good many people, and he had not heard a single 
word against it. The corporation owned three sites 
that were available for the machinery to produce the 
electric light, and he was informed that their situation 
was admirably adapted for the suggested change. 
Farther consideration of the matter was adjourned. 

A strong opinion exists in favour of the adoption 
of the electric light, and it is understood that a public 
meeting will be convened by the mayor shortly, to go 
into the subject. Several of the borough officials, in- 


-cluding the Medical Officer of Health, are in favour 


of improved lighting, while one large ratepayer has 
already expressed his desire to have the electric sent 
laid on to his house, 
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The Electric Light at Bristol—The Sub-Electric 
Lighting Committee appointed to visit certain parts of 
the country in search of information, has now reported 


to the General Committee. The last town visited was 
. Bradford, in Yorkshire, where the corporation owns both 


the gas and the electric light, but only uses the latter for 
private lighting. The sub-committee recommends that 


the corporation shall take the electric lighting into its 


own hands, and that from 60 to 70 1,000 candle-power 
arc lamps should be erected in the main streets of the 
area comprised between Temple Meads and the Victoria 
Rooms, and College Green and Old Market Street. 


he Electric Light at Winchester.—A short time 


since the corporation of Winchester advertised for 
tenders to light that city by electricity. Strangely 
enough, no reply has yet been received to the invita- 
tion. | 


The Electric Light at Derby.—At a recent meeting of 
the Town Council the Mayor proposed that a permanent 


committee, to be called the Electric Lighting Committee, 


be appointed until November next, and also annually 
on the 9th of November each year, with power to con- 
sider the provisions of the Electric Lighting Order, and 
to make such arrangements as the council might deem 
expedient. He further moved that it be a special order 


that the Electric Lighting Committee should consist of 
-11 members of the council, and the Mayor for the time 
being ex officio. The proposals were agreed to. 


The Electric Light at Nelson.—The Nelson Gas Com- 
mittee has instructed the gas manager to take the pre- 
liminary steps for permanently illuminating the prin- 
cipal streets of the town by electricity. . | 


The Electric Light at Dundee.—At the last monthly | 


meeting of the Dandee Gas Commission a statement 


was submitted showing that during the past four 
months the amount of gas delivered in Dandee was 
65,976,700 cubic feet, being an increase of 9,656,400 
cubic feet on the consumption last year. Mr. Henry. 


Robertson stated that with a steadily increasing con- 


sumption of gas the board were apt to remain quiescent : 
‘in regard to electric lighting; but he reminded them 


that there were at present a score of public works sup- 


plied with the electric light. Those who were supplied 
with the electric light were delighted with it. A letter 
from the Electric Installation and Maintenance Com- 


pany, Limited, tendering its services for the construc- 
tion and maintenance of electric works in Dundee was 
allowed to lie on the table. 


The Electrie Light at Fareham,—An experimental 


installation of the electric light for the illumination 
of the Fareham streets was made on last Friday night, 
over a portion of the system, by the Fareham Electric 
Light Company, the experiment being regarded as very 
satisfactory. ‘The system adopted: is the Thomson- 
Houston, and the currents are supplied from two 
dynamos located close to the steam flour mills. The 
Local Board has engaged to pay £500 per annum for 


the lighting. 


Private Electric Lighting,—The residence of Mr. 


Matthew Stevenson, of Harrogate, has been recently 


fitted with a complete installation of incandescent 
lighting. The wiring and fitting were entrusted to 
Mr. E. C. Wallis, of Bond Place, Leeds. As this is the 
first private installation in Harrogate, no effort has 
been spared to make it successful. 


Ship Lighting.—The R.M.S. Dunnottar Casile, the 
largest vessel in Messrs. Donald Carrie & Co.’s fleet, 


_made her trial trip on the Clyde last week. All modern 
_ improvements, tending to the safety and comfort of 


passengers, have been adopted, including an excellent 
electric light installation by Messrs. Siemens Brothers. 


 Blectricity v. Gas,—A lengthy controversy over this 


subject, in connection with Fareham light 


ng, is taking 
place in the Portsmouth Times. SG? UE. 


Nothing to Fear,—At the annual general meeting of 
the Sanderland Gas Company, recently held in New- 


castle, the chairman said that for some years. past he 
had made references to the electric light, butrnow he 


had nothing to say, as there was nothing to be dreaded. 


Aberdeen Hammermen’s Exhibition. —A recent addi- 


tion to the attractions of this exhibition is a powerful | 


search light, erected by Messrs. Maéwhirter, Ferguson 


and Co., electricians, Aberdeen. Thé light i# a naval 
‘projector, manufactured by Messra, Crompton & Co., 


Chelmsford, having a 24-inch parabolic mirror and arc 


between 20,000 and 30,000 candles. | 


-lamp for concentrating the beam, and is equal to from 


Business Extension,—Messrs. Elliott Brothers, the — 
well-known electrical, optical, &c., instrument makers; 


of St. Martin’s Lane, having found .it necessary, 


owing chiefly to the large increase in the volume 


of their business to greatly add to their premises, 


are making a large addition to their existing works. 
The building, which is quite a feature in the new 
street leading from Charing Cross to New Oxford 
Street, has a handsome facade of fine Dorset stone, 
and is characteristically named “Faraday” House. 


‘The back of the new building abuts on the-back | 


of the old premises which face St. Martin’s Lane, the 


whole occupying a space of about 10,000 square feet. 


Although most of the space occupied by the new 


‘building will be employed as workshops, &c., by 


Messrs. Elliott, a portion fronting on the new street is 


to be occupied by “The Electrical Standardising, 
- Testing, and Training Institution.” The success of the 
firm, which ‘has such a world-wide reputation, is a 
matter for congratulation, and is well deserved. | 


Edinburgh International Exhibition.—The East of 
Scotland Engineering Association held a special session 
at the Exhibition on August 5th and 6th. Amongst 
the papers read was one on the “ Protection of Build- 
ings from Lightning,” by A. R. Bennett, Vice-President 


of the Association, in which the effects of several recent 
_ storms in Scotland on buildings and telegraph wires 
. were described ; and one descriptive of the telephonic 


exhibits, by C. G. Wright, Fellow. The remaining 
papers dealt with the mechanical exhibits, the one by 
Prof. Elliot, on the Locomotive Annexe, being specially 
noteworthy. | | 


The Telephone in Great Britain.—The Central News 
says the expiration of the telephone patents in England 
will begin on the 9th of December next, and the mono- 
poly will soon cease, and the Sheffield Daily Telegraph 
observes that, “so far, it has hardly been possible to 
purchase a telephone at any price, the only way to 
procure one being by paying a rental of £15 to £30 a 


year. We understand that Mr. A. Erskine Muirhead, 


of Glasgow, has been urging the telephone company to 


adopt the ‘Ader’ or ‘Berthon’ telephone, which at 


this moment enables people over 600 miles apart to 
speak with ease. Mr. Muirhead has demonstrated the 
practicability of telephonically connecting the towns of 


Great Britain by means of existing railway wires, and 


with the help of Van Rysselberghe’s system. There 
is thus nothing wanting but comparatively inex- © 
pensive apparatus to enable, say, London. to converse 
by telephone with Birmingham, or Bristol, or Aber- 


, deen, at the same moment as telegraphic messages are 
. being sent over the same wires. -This practice has 


been in operation in Belgium and France since 1882. 
As is well known, people can telephone from Brussels 


. to Marseilles, vi4 Paris.” 


Notice of Removal.—Messrs. C. E. G. Gilbert and 
Co. have removed to No. 16, Hanway Street, Oxford 
Street, W. a 
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Electric Welding.— The Practical Engineer concludes 
an article on Sir Frederick Bramwell’s paper as 
follows :—“ So far the applications have been to work 


not in competition with ordinary welding smith work, 


and we ure of opinion that electric welders will not 
compete with. ordinary work, as they are entirely 


inapplicable to the great mass of forge work, and the 
expense of use puts them outside of. applications other 


than special and peculiar.” We congratulate our con- 


temporary on being 80 plain spoken. 


The * Peral.’—If certain of the Madrid journals are 


‘to be believed, it would seem that the submarine boat 
_ Peral has not turned out a failure after all. 


We are 
told.that the reason for not building any more vessels 
after the pattern of the Peral is because one of the 
secret contrivances, appertaining to the submerging 


mechanism, has been made public by an English © 


journal], while Spaniards were kept in ignorance of all 
details connected with the invention, The periodical 
we quote from goes on to say that, so long as six 


out of the seven especial inventions comprised in the 


mechanism of the Peral remain secret, there is nothing 
much to lament over, and the Government is adopting 
a proper measure of reserve in abstaining from further 
construction until the day when, Spain being at war, 


these powerfal engines of destruction can be made use 


of against an enemy as novel weapons of offence. 


The Compound-Winding Case.—The reason why the 
appeal to the House of Lords has been made may be 
seen by referring to the report of the Brush Electrical 
Engineering Company’s first annual meeting. Those 
who have paid royalties for the use of compound- 


winding will doubtless feel flattered at the considera- 


tion which the company deigns to give them, more 


especially as nothing is recoverable should the appeal 
, be dismissed. But surely, if the statement made by the 


chairman at the end of his last speech is correct, the 


manufacturers who have hitherto paid royalties can 


refuse to do so any longer, even if the company is 
successful in the House of Lords, on the ground that 
their dealings were with a previous corporation ? 


Railway Telegraph Engineers.—The Society of Rail- — 


way Telegraph Engineers is to hold session in the 
Edinburgh Exhibition on the 16th and 17thof this month. 
The society is com posed of the telegraph superintendents 
Two. important exhibits, 
illustrating the telegraph, the signalling, and the block 
systems of two of the leading railway companies, will 
prove of special interest. 


The Electro-Magnet.—The Journal of the Society of 
Arts for September 5th contains the first of the 
Cantor Lectures by Prof. Silvanus Thompson, D.Sc., 
B.A., M.LE.E, delivered January 20th, 1890. The 
subject treated of is “The Electro-Magnet,” and the 
inventions of Sturgeon, Henry, Roberts, and Joule are 
described. | 


Proposed Electric Tram at Hastings.—At the last 
monthly meeting of the Town Council a communica- 
tion was received from Mr. J. Lees, enquiring whether 
the Council would entertain a project for a single line 
electric tramway south of the present parade rails from 


a point nearly opposite the Palace Hotel and the South 
Colonnade. 


committee. 


A Well-Known Fact.—A facetious friend, who 
noticed that in some of the B.A. papers attributed 


to certain authors, the mathematical portions were 


eschewed during the reading, suggests that the ten- 
dency on these occasions is merely to general lies. 
There is nothing new in this. 


Electric Traction in Italy.—In the course of a few 
days the electric tram service between Florence and 
Fiesole will be open to the public. The preliminary 
trials have been highly satisfactory. 


The matter was referred to the Council in 


Electricity in Artillery Practice.—Hngineering last 
week reproduced a very complete description, from the 
Revue d'Artillerie, of Paris, of the Canet system of 
quick-firing guns, which are equipped with electrical 
devices for training both in elevation and direction. 
If we are not much mistaken, the same ideas were 


carried out some years ago by Mr. Maxim, Mr. Cromp- 
ton, and others, and although perhaps never put into 


practical operation, they were experimentally suc- 
cessful. 


_ Cable Ships.—The ss. Westmeath arrived at her 
moorings off Messrs. Henley’s Telegraph Works at 
Woolwich on the 8th inst. She is about to load cable 
for the extension of the Société’ Francaise des Télé- 
graphes Sousmarins system in the West Indies. We 
believe the first section to be. laid on this expedition 


will connect the French Island of Martinique with the 


town of Paramaribo, in Dutch Guiana. She is expected 
to leave the river early in October. : 

The ss. Silvertown came to her moorings off the 
Silvertown Company’s Works on the 10th inst. She 
will take in cable for the West Coast of South America, 
the Central and South American Telegraph Company 
having resolved to continue their system southwards, 
from Lima, the capital of Peru, to Valparaiso, the chief 
port of Chili, touching en route at Iquique, the nitrate 
port, only. This extension of the Central and South 
American Company’s cables would appear to threaten 
a serious rivalry to the existing tlines along the coast, 
owned by the West Coast of America Telegraph Com- © 
pany. The Silvertown is expected to leave the river 
about the middle of October. | 


The AlumiaiumCompany.—At the annual ordinary 
general meeting, held on ‘Tuesday, at Cannon Street 
Hotel, Mr. Gerald Balfour, M.P., the chairman, said, 
amongst other things, that when the company was 
formed, it was expected the discoveries of Mr. Webster 
and of Mr. Castner, two of the vendors, now upon the 
board, would enable the price to be reduced from 60s. 
to 20s. Bat all their calculations were overthrown by 
the invention of an electric process for the production 
of the metal, which brought the cost down to 6s. or 8s. 
But he was glad to say that, though the metal could 
not be produced at a lower cost by their present 
process, yet Mr. Castner and Mr. Webster had dis- 
covered new processes of making aluminium and 
sodium, which, it was hoped, would once more enable 


them to compete with the electric process as far as the 


production of aluminium was concerned ; while they 
would, it was hoped, also have a large sale for sodium. 


New Zealand and the Cable Rates.—The New Zea- 
land Government declines to bear a share of the sub- 
sidies and guarantees required by the cable companies 
in connection with the proposed reduction of the tele- 
graph rates between Australasia and Great Britain, © 
owing-to the refusal of the- Imperial Government to 
bear any portion of the responsibility. | 


Fatal Gus Explosion.— Yesterday forenoon a serious 
gas explosion, attributed to a leakage from a gas engine, 


“occurred at the electro-plate works of Mr. C. H. 


Worsnop, in Cheapside, Halifax. The explosion almost 
brought down the building and set it on fire. A 
young man, named John E. Worsnop, was buried in 
the débris and has not been found, and a young woman, 
named Hartley,a burnisher, was killed, whilsta labourer 
was 80 seriously hurt that he lies in the infirmary in a 
precarious state. | 


NEW COMPANIES REGISTERED. 


= Railway Construction and Maintenance Company of 


Mexico, Limited.—Capital, £100,000, in £10 shares. 
Objects: To construct, maintain, and work railways, 
tramways, gas and electric lighting works, telegraphs, 
telephones, or other works. Signatories (with 1 share 
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each): C. Chabot, Romford, Essex ; W. J. Longhurst, 
20, Abchurch Lane ; R. J. Garwood, 354, York Road, 
Wandsworth ; G. Mannaford, Hendon ; H. M. Winears, 
15, Crosfield Road, South Hampstead ; A. J. Kent, 8, 
Cross Road, South Wimbledon. The signatories are to 
appoint tbe first directors. Qualification: £500 in 
shares or stock ; the company in general meeting will 
determine remuneration. Registered, 3rd inst., by 
Messrs. Bircham & Co., 50, Old Broad Street. 


John Smith and Sons, Limited.— Capital £250,000, 
in. £100 shares. Objects: To acquire the business of 
wool combers and worsted spinners, carried on by John 
Smith and Sons, at Field Head Mills, Bradford ; to 
generate electricity, and apply the same for purposes of 
lighting, or as a motive power ; and to supply electric 
light to any persons willing to purchase, rent, or use 
the same. Signatories: J. W. Smith, Mrs. Sarah Smith, 
B. Smith, John Smith, *J. White, F. White, 1 share 
each ; “Isaac Smith, 10 shares; all of Bradford. The 
signatories denoted by an asterisk are the first directors. 
The company in general meeting will determine remu- 
neration. Registered 4th inst. by Mr. C. Doubble, 14, 
Serjeant’s Inn, Fleet Street. | 


London and Western Syndicate, Limited.—Capital, 
£10,000, in £1 shares. Objects: To search, prospect 
and explore countries, districts and places in America, 
Canada and elsewhere for the discovery of openings 
for the profitable employment of capital, and to 
execute and carry out public works of all kinds, in- 
cluding gas, electric light, telephonic, telegraphic and 
automatic power and other works. Signatories (with 
1 share each): N. P. M. Tronson, 8, Drapers’ Gardens ; 
B, F. Weeks, 16, St. Helen’s Place ; R. Leapmann, 124, 
St. Vincent Street, Glasgow ; F. H. Homan, 8, Drapers’ 


Gardens; P. J. Economides, 79, St. Helen’s Gardens, | 


W.; G. Allan, M.I.C.E, 10, Austin Friars ; W. Curtis 
Thomson, 10, Throgmorton Avenue. Registered, 8th 


inst., without special articles, by Robinson & Stannard, 


17, Eastcheap. | 7 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


General Electric Company, Limited.—The annual 
return of this company, made up to the 2nd inst., was 
filed on the 5th inst. The nominal capital is £60,000, 

divided into 7,000 first preference shares, 1,000 second 

preference shares, and 4,000 ordinary shares of £5 each. 

10,505 shares are taken up, and of these 4,000 ordinary 

and 1,000 second preference are considered as fully 

paid. Upon 5,505 first preference the full amount has 
- been paid, the calls paid amounting to £26,275, and 
unpaid to £1,250. | 


Pilsen, Joel and General Electric Light Company, 


Limited.—A meeting of this company was held on the 
oth inst., when an account was given as to the manner 
in which the winding-up of the company has been 
conducted and its property disposed of. The notifica- 
tion of the meeting was filed on the same day. 


Tilbury Portland Cement Company, Limited (manu- 
facturers of concrete and metal telegraph poles, signals, 
tubes, &c.).—The statutory return of this company, made 
up to the 12th ult., was filed on the 18th ult. The nominal 
capital is £25,000, in £5 shares. 2,992 shares have 
been taken up, and £2 per share has been called. 
Upon 200 shares the full amount is considered'as paid. 
« paid amount to £5,422 10s., and unpaid to 

3. | 


District Messenger Service and News Company, — 


Limited.—An agreement of.the 6th June (filed 1st inst.), 
with C, T. Russell, provides for the purchase of the “ im- 
provements in electrical signalling apparatus for police 
_ Service and the like ” (provisional protection, No. 6126, 
granted to R. D. Radcliffe, 22nd April, 1890). Also 
“Improvements in and relating to printing telegraphs, 
and to the distribution of news transmitted thereby ” 


. working capital. 


(provisional protection, No. 8031, granted to R. D. 
Radcliffe on 22nd May, 1890). The purchase considera- 
tion is £39,750, payable £15,000 in cash and the balance 
in fully paid shares. The company will also take over 
the office of the vendor at 4, Northumberland Avenue, 


with all instruments, furniture and effects therein at 


such price as may be determined by a valuer to be 


appointed By the directors. 


An agreement of the 29th: ult. (registered Ist inst.) 
stipulates that the vendor shall not be entitled to require 


the company to make any payment in respect of the 


cash portion of the purchase consideration under the 
principal agreement, except as provided by the follow- 
ing articles. All money received by the company for 
subscriptions in respect of the first 4,000 shares of the 
company.subscribed for in cash shall be retained for 
All moneys received for subscription 
for shares beyond 4,000, up to the sum of £15,000, to 
be paid to the vendor. If the full amount be not paid 
before the 29th August, he will be entitled to require 
the company to forthwith allot to him or his nominees 
fally paid ordinary shares, equal to the nominal amount 
remaining unpaid. . | 

An agreement of Ist Sept. (filed 3rd Sept.) cites that 
only £1,890 has been paid in cash, and in accordance 


_ with the vendor's request the company will allot fully 


paid shares to the amount of £13,050, being the balance 
of the £15,000 payable in gash. | 

International Okonite Company, Limited, — The 
registered office of this company is now situate at 98 and 
100, Queen Victoria Street. 


CITY NOTES, REPORTS, MEETINGS, &c. 


The Brush Electrical Engineering Company, Limited, 


Tue first annual general meeting of the company was held at the 
Cannon Street Hotel, on Monday, the 8th inst., Lord Thurlow 
in the chair. 

The Chairman, in moving the adoption of the report (printed 
in our last issue) and accounts to the 30th June, 1890, said that 
as this was the first + pbs. he had had of addressing the 
shareholders at an annual meeting, he might, perhaps, be pardoned 
for saying a few words in description of the position of the com- 
pany, and the financial and other results of the amal tion. 
Although at the statutory meeting of the company, held on the 
25th November, it was reported that the amalgamation with the 
Australasian and the Falcon Companies had been satisfactorily 


carried out, yet, perhaps, at that time the amalgamation existed 


more or less on paper. It had now been made a reality. As 


_- regards the reccnstruction of the Anglo-American Brush Electric 


Light Corporation, there was very little to be said beyond what 
they knew already. The Brush Company retained its works in 
the Belvedere Road and other places, in fact, everything it pos- 
sessed, and, in addition, it had acquired some valuable assets. 
New shares had been issued to the old shareholders, that was to 
say, the o!d shareholders had received new shares in exchange for 
the old at the agreed upon rate. As regards the Falcon business 
at Loughboro’, Leicestershire, no time had been lost in taking 
those works over, and about £20,000 had been spent in 
erecting new shops to enable the company to construct the heavy 
machines it was now called upon tq make. As regards the 
Australasian Company, the original scheme had been that the 
company should take over the whole of that business, including 
patent rights and stores, and issue to them £45,500 in shares 
and £500 in cash. The negotiations had been very protracted, 
not owing to any unwillingness of either party, but owing to the 
difficulty experienced in adjusting some of the assets. ‘They were 
now satisfactorily concluded, but with a certain modification, 
namely, that the Brush Company, instead of taking over the 
stores, floating assets and liabilities, agreed to take over only the 
patents and the shares in the Melbourne Company, and to issue 
£31,000 in fully paid up shares to them instead of £41,500. 
Subsequent negotiations which took place had been owing to the 
inability of the Australasian Company to give a good title to 
everything that had been scheduled. They were matters of no 
material importance, but a certain deduction had had to be made 
on account of them. The financial result had been that the Brush 


. Company took over the patents and shares of the Melbourne Com- 


pany for £27,500 in shares, two-fifths ordivary and three-fifths pre- 
ference. Had it not been for the conciliatory attitude of Mr. 


- Van Tromp, the chairman of that company, and the liquidators, 
_ the difficulties in the way of the amalgamation might have been 


insurmountable, which would have been unfortunate. Negotia- 
tions were still on foot with a view to the Brush Com 


. taking over the whole of the Melbourne Company’s stores. From 
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the first the Brush Company had said that they would not 
take over its assets and liabilities, and that decision had been 
adhered to. The amalgamation had opened up to the company 
an enormous field for business, and one which would require very 
considerable energy on the company’s part to do justice to. To 
obtain a fuller grasp of the position occupied by the company in 
that part of the world the directors had requested Captain Rowan 
to come over from Australia to advise them on all points. He 
came, and lengthy meetings had been held, and every point 
thoroughly sifted. Finally, satisfactory terms had been made for 
engaging him for a term of yeats to look after the company’s in- 
terests and take charge of its business in Australasia, The final 
result of the issue of shares had ‘been as follows :—To the Anglo- 
American Brush Company £156,942 ordinary and 104,628 pre- 
ference shares; to the Falcon Company £33,305 ordinary and 


£22,200 preference shares; to the Australasian Company £16,500 


ordinary and 11,000 preference. The balance of capital appearing 
in the report and balance shect had. been raised by subscrip- 
tion, making in all an additional £24,192 in ordinary shares 
and £164 in preference shares; and after all these transactions 
the company had only £256 103. as outstanding arrears. They 
would, he thought, agree that that was a satisfactory result. 
Those arrears would, he hoped, very shortly disappear. The 
£75,000 debentures issued by the new company could, of course, 
only be so with the consent of the existing debenture-holders of 
the old Brush Company. That had been obtained; that was to 
say, those debenture-holders had been induced to convert their 
debentures or they had been paid off. They had behaved in a 
very friendly spirit, and the debenture charge on these great pro- 
perties was very light indeed. Those debenture-holders had 


agreed to take the new debentures with the exception of £7,900, | 


which had been purchased by the liquidators of the old company, 
and formed a very valuable security for any shareholder who liked 
to get 6 per cent. for his money. . He thought it moré desirable to 
keep those debentures, and, for his own part, would be prepared 


_ to take up some, and he strongly urged the shareholders to absorb 


them: They would be retained by the directors for a time for 
that purpose, and there would be no difficulty in disposing of 
them. As to the general efficiency of the combined works which 
the company now has: The Brush works in the Belvedere Road 
were in themselves very perfect, and the Falcon works by them- 
selves were extremely satisfactory for the acquisition of work ; but 
the combination of the two for the carrying on of electrical engi- 
neering formed an unrivalled position. The situation of the 
Falcon works was everything that could be wished as enabling the 
company to obtain the best and most skilled labour and the cheapest 


fuel. Moreover, they were on one of the main lines of rail- 


way, viz., the Midland, the Loughboro’ station of which had 
sidings ly adjoining the company’s works. Taken in 
conjunction with the Lambeth works, they enable the company 
to distribute its heavy work and its fine work most satisfactorily. 
The Falcon works occupied about seven acres of freehold land, or 
35,646 square yards. About two-thirds of that space was built upon 
with the old shops taken over and new ones subsequently erected, 
leaving unoccupied land of about 12,900 square yards. The lifting 
power provided at the new works was very extensive and complete. 
The largest size of machine the company at present turned out 
was the Victoria-Mordey dynamo, and they had already in course 
of construction a dozen machines of more than twice that size, 


“that was to say, 30 tons. Of course, very heavy cranes were 


required, and the foundry was fitted with all that. The company 
wasnow able to cope with work of almost any magnitude. As regards 


expenses and profits : the latter appeared in the balance sheet ; . 


they would find that the expenses had slightly increased, but that 
was unavoidable, if they considered the vast body of work done, 
the expenses of the amalgamation, and of securing these addi- 
tional works at Loughboro’, &c. The expenses had increased 
from £11,131 in 1888 to £16,000 in the present year, and he did 
not think he could hold out very much hope of their being much 
reduced in the future. The directors would do what they could. 


There had not been, nor would be, any extravagance or. want 


of care and attention. It was one of the inseparable results of 
extending business. As regards liquidators’ balances, £9,979, he 
thought the shareholders would make their minds quite easy. 
No less than £7,900 represented the debentures of the old com- 
pany which had been purchased by .the liquidators, and the balance 
consisted of sundry small debts and accounts. As regards 
the litigation with the King-Brown Company, they were bound 
to take the case to the House of Lords for two reasons—first, 
because the English court of Jaw had originally decided the case 
in their favour; and, secondly, to justify their having taken 
royalties from every manufacturer in Great Britain for some years 
past. Of all other litigation the company had pretty well wasbed 
its hands. Then, as regards their policy in reference to a matter 
of importance second to no other in the electrical world, viz., the 
obtaining of provisional orders; the directors had, as a general 
rule, confined their applications. to places in which the company 
had interests to serve, like Bournemouth, Cardiff, and others more 
numerous than might be supposed. '‘I'hey had acquired the 
Bournemouth order, and also one-third of the City lighting. The 
— had ‘been divided for this purpose into three great districts, 

the Brush Company had acquired the central one, which was 
certainly not second in importance to any of the others. The 
company had to carry out the work under very favourable condi- 
tions, and strict but not impossible terms as to date; in fact, it 
had still some months before it would be compelled to commence 
the work. The cost of carrying it out would amount to some 
£300,000, and it formed a very valuable asset. The company em- 


ployed some of the-most experienced of the men connected with 
electrical and engineering work. The lattey was almost as im- 
portant as the former, and no company that did not combine to 
the utmost experience and knowledge of both could hope to carry 
out satisfactorily-such au order as this. As regards the dividend 
—the profit and loss account showed a gross profit of £36,698, and 
after deducting all standing charges there remained a balance of 
£14,235. Out of that the directors proposed to write off £3,000 
on account of property and patente, to apply £625 to reduc- 
tion of preliminary expenses, and write off £500 on account of a 
small sum of £1,500 spent, and still being spent, in obtaining pro- 


visional orders. That left a balance of £10.426 to be appropriated. - 


Out of that, of course, had to be paid dividends due on preference 
shares for the six months from February 10th to now, viz., £3,505, 
an interim dividend of £3,808 6s. 10d. having already been paid. 
Altogether, then, it was proposed to pay a dividend of £7,313 11s. 4d. 
on the preference shares, and to carry forward a balance of £2,796 
to the next account. It was, perhaps, an act of purism to write 
off £500 on account of that £1,500 for provisional orders and £3,000 


on account of the property account. The shareholders were not 


compelled to consent to it, and in that case they would have 


£6,800. available for a dividend on ordinary shares. ‘They could if 


so disposed appropriate and divide a dividend on the ordinary 
shares for the past twelve months of 3 per cent., after: paying 
the dividend on the preference shares and the debenture 


Charges and every other legitimate expense, and that without 


taking into account any profits accruing from the Australasian 
branch. The directors, however, did not recommend. that 
course, but that it should be appropriated as sugyested in 
the balance-sheet. It was necessary the company should occupy 
ia the future a strong financial position as well as a strong manu- 


_ facturing one, and no company could do so unless it acted ‘on 


certain recognised rules, one of which was to write off from the 


property and patents account as much as it could afford, and also _ 


a portion of other charges of an exceptional character. The 


_ scheme proposed by the directors was in accordance with sound 


finance. He did not anticipate their having to raise the £300,000 for 
the City order—the company would be paid on account as the 
work progressed—but undoubtedly a work of that magnitude 
could not be entered upon unless with a certain:amount of ready 
money. They must, therefore, not be surprised if required to 
raise additional money, and should the event occur, it was 
easential that their last balance-sheet should appear sound. He 
moved the adoption of the report and accounts. Pi 

Mr. Van Tromp, in seconding, said he could give his assurance 
that the company was on the high road to being a very great 
success. He had inspected the works at Loughborough, and he 
did not hesitate to say that, for the purpose, there were very few 
prewises in England better adapted. They possessed appliances 
which would enable the company to do everything connected with 
electrical motive power, from the commonest electrical apparatus 
to a large electrical car, an engine, or anything. The chairman 
had omitted, with regard to the Australian transfer, to mention 
that it comprehended the Cape of Good Hope and India. India 
he looked upon as a future grand field for electric lighting: it 
was a country of luxury and wealth, of enormous incomes, a very 


warm climate, in which electric lighting as against gas must be | 


immensely favoured. Nor. had any allusion been made by the 
noble lord to the company’s works in Vienna and Austria- 
Hungary. The former were carried on at considerable profit, 
which was gradually increasing. The company had a great future 
in Vienna. As regards the Hungarian business, from the very 
latest’ advices received, it was a positive fact that electric lighting 
was completely beating the old yas company. I[t was believed that 
the whole lighting would shortly be in the hands of the Brush 
Company, to which very large profits must. ultimately accrue. 
The directors would only be satisfied with yiving the share- 
holders not merely a good but a handsome dividend. Every- 
thing was now in the most perfect working order.. 4 
Mr. Smart, a shareholder, thought the directors ought to be 


made acquainted with the feeling of the shareholders with regard 


to the non-receipt of any dividend for some years past. They had 
heard exactly the same promises for the future as they had done 
for some years past; but the result to the shareholders had been 
very different. ‘The chairman said it was a new company; to the 
shareholders it was merely a change of name. — 

The Chairman reminded the speaker that the shareholders were 


getting a dividend. 3 


Mr. Smart said something like 2 per cent. ; anominal dividend, 
certainly. 
The Chairman said there was a dividend of 6 per cent. per 
annum on the preference shares. à 
Mr. Smart was not to be deluded. Like every preference sharec- 
holder, he also held a large amount of ordinary stock. Their 
receipts were really under 2 per cent. .They felt greatly dis- 
appointed. | | 
Mr. Ward would like to‘hear the charge of £8,000 for salaries 
explained. He hoped the directors were alive to the. importance 
of electrical traction, and would be prepared to. take the lead. 
Like other shareholders, he was anxiously looking forward to re- 
ceiving a dividend on the ordinary shares, but he thought the 
psthy had done wisely in making the distribution as they hd 
Another Shareholder asked whether failure of the appeal in the 
King-Brown case would imply that the company would have to 
refund the royalties actually received by it. — : LE 
The Chairman, in reply, said he anticipated a great development 


‘in the electrical industry to result from the recent removal by 
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liament of restrictions which bad been quite prohibitive, and 

ne from the public having become-awake to the advantages 
which electricity offered, He had omitted. to include in his 
former remarks the relative cost of manufacture in London and in 
Loughboro’.. This as regards price of. labour, coal, castings, &c., 
was very considerably in the company’s favour. : The £8,000 for 
salaries included those of the manager, sub-m , skilled clec- 
tricians, draughtsmen, m at Loughboro’,. Vienna, and in 
Australia; in fact,.a vast. number of. highly skilled meti, and 
everything except directors’: salaries workmen's wages. ‘I’ 
electrical tram car business had. been beset with difficulties of 
various kinds, but it was now emerging from those difficulties, and 
it was one of the objects the directors had bad in view when amalga- 
mating with the Faleon Works, which were so admirably adapted 
for the manufacture of those cars, and which, moreover, placed 
the company in actual touch with the present users of horse cars, a 
great number of which had already been turned out by the Falcon 
Works. Only the other day the company received an order from 
the London Road Car Company for 60’busses. The works were 
also well adapted to the manufacture of electrical launches. 
The company was making a great many engines at Lough- 
borough. The royalties referred to had been received by the pre- 
vious company, and whatever might be the decision of the House 
of Lords, they were not recoverable from the Brush Company. 
- All that would happen would be that the company would receive 
more royalties. | | 

Thé motion was then put, and carried epee rire | | 

The Chairman also moved to declare a dividend on the pre- 
ference shares of 6 per cent. per annum for the period from 10th 
August, 1889, to 30th June, 1890; and that the balance dividend 
(after payment of an interim dividend on the 1st March last) be 
paid on the 19th September next. | 

The motion was agreed to, and, with a vote of thanks to the 
chairman and directors, the meeting dispersed. _—__ es 


Commercial Cable Company.—The transfer books 
will be closed from September 20th to October 2nd, for the pay- 
ment of the usual quarterly dividend of 14 per cent. on October 1st. 


National Telephone Company.—The committee of 


the Stock Exchange has ordered 2,284 additional shares, No. 
436,701 to 438,984, to be quoted in the official list. Te 


TRAFFIC RECEIPTS. 


The Great Northern Telegraph Company, Limited. The receipts for the month of 
August amounted to £25,000 ; 1st January—31st August, 1890, £181,000; corres- 
ponding months 1889, £178,200 ; do. 1888, £179,700. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the week 


ending September 5th, after deducting the fifth of the gross receipts payable 
to the London Platino-Brazilian Telegraph Company, Limited, were £4.590. : 


BRITISH ASSOCIATION FOR THE ADVANCE- 
, MENT OF SCIENCE.—LEEDS, 1890. 


ELECTRIC LIGHTING AND FIRE INSURANCE RULES.’ 
By WiLson HARTNELL. | 
(Read before Section G, September Bth, 1890.) 


Introduction.—Every system of artificial illumination involves 
some risk from fire. Electric lighting, although it may be the 
safest of lights, is not exempt from this danger. 

_ Until recent years, insurance companies have given their atten- 
tion to framing regulations for checking the spread of fire when 
once it had originated, rather than devising means for preventing 
an outbreak. 

The early inexperience and ignorance of many who undertook 
electric lighting, and consequent accidents, rendered some 
guidance and restrictions ‘absolutely necessary for protection 
against fire. No authority existed. The Society of Telegraph 
Engineers proposed a few obvious régulations which were 
accepted by the majority of insurance companiec as. sufficient. 
Comparatively recently the Electrical Society have framed a 
much more elaborate, and an admirable set of suggestions. 
Meantime the Phoenix and many other fire offices have formulated 
conflicting rules of their own, which they more or less enforce. — 
- I say advisedly, more or less, because on the one hand, in the 
absence of any comprehensive and competent system of inspection 
on the part of the insurance companies, and their different re- 
quirements, and, on the other hand, in their desire not to lose 
business, no standard of excellence is attempted. 

Much is left to the conscience or ability of the contractor, which 
is unjust tothose who abide by the best rules.  ‘- 


and workmen’s wages. ‘The © 


| Large numbers of persons and millions worth of property are 
affected by these rules, 
The object of this paper is to point out much needed, amend- 
Such rules should be based on the deductions of experiment and 
the teaching of experience. They should give the -utmost 
freedom of action and encourage progress. . They should contain 
the minimum that is necessary, and this should be, strictly 
enforced.. Above all, these rules should be in accordance with the 
general principles which regulate all successful engineering côn- 
structions. For example, if we consider such familiar but different 
structures as a locomotive engine, a steamer, a bridge, we shall 


observe that there is no absolute safety in any one of them. 
Each has perfected, not by directing the mind to a particular 


class of facts, but by a judicious compromise between many con- 
flicting necessities, by giving neither more nor less than a just 


. measure to each requirement, and in each case, all this has had to 


be done with due economy and limited means. In this spirit, all 
fire insurance regulations should be framed. 

Conductors,—In regard to conductors, my first, point is to show 
that any attempt on the part of the insurance companies to deter- 
mine a fixed current density is useless, vexatious, and scien- 
. For any electric light installation it is. necessary to limit the 
fall of potential in the more distant lights. This can only be done 
by so limiting the current density that there is not the remotest 
chance of fire from over-heating of the wires. For example, sup- 
pose the fall of potential between the brightest and dullest Jamps 
were limited to 4 per cent., and the most distant lamp was 75 
yards from the dynamo, then the mean current density must not 
exceed 1,600 ampéres per square inch. If the distance be 100 
yards, 1,250 ampéres per square inch; if 150 yards, 800, ampères, 
and soon. .In any electrical installation in a large building, it is 
convenient to sub-divide the lights. into groups, dependent upon 
their distance, and to EN a table of wires and lamps on the 

veral circuits corresponding to these mean distances, and 
thus secure comparatively uniform brightness. If, however 
an arbitrary rule, such as 1,000 ampères per square inch 
be insisted upon, this rational principle of lighting caunot be 
adopted. It is, of course, necessary to adopt some limits of 
currents, but these depend upon the sizes of the wires, as it is 
easily shown by experiment and reasoning that the larger the | 
cable the léss must be the current density. However small the 


_ current, the smallness of the wires must be limited, For example, 
No. 20 S.W.G. is perhaps the smallest size that should be vsed, 


for fear of mechanical injury. In mansions, &c., where the first 
cost of wiring is of less consideration, and where the wires are 
placed out of sight, No. 16 S.W.G. may be the limit of smallness. 
Such details are best left to private judgment, but should be 
stated on the insurance policy. | 
‘That wires can be e red hot by electricity, and give rise to 

fires, was one of the most obvious facts thrust upon the notice of 
the insurance companies, and apparently almost the only one 
they could imagine or comprehend. This danger has been greatly 
magnified. It is, moreover, the danger most easy to absolutely’ 
abolish by judiciously arranged cut-outs. — | 

The current required to heat wires has been the subject of many 
experiments. The most complete results published were those of 
Mr. W. H. Preece in 1888 and of Mr. A. E. Kennelly in 1889. __ 

Experiments on Wires. — The smallest wire used in electric 
lighting is the twin flexible wire, equal in section to that of No. 22, 
S.W.G. It usually carries one lamp and consists of 23 strands, 
six mils. diameter. (Specimen silk and asbestos covered.) , | 

This experiment shows that one strand only suffices to light a 
110 volt 16 C.P. lamp requiring about ‘58 ampéres. This pendant 
of 23 such strands is therefore absolutely safe with one lamp. . | 

The current density in this small filament is 20,500 ampéres per 

This filament will carry three such lamps, say 60,000 ampéres 
current density, without being hot enough to burn anything. It 
becomes dull red hot with five lamps and a current density of 
about 100,000 ampéres per square inch. It must be remembered 
that the heat increases as the square of the current, so that with 
five lamps there is five times five, or 25,times as much heat as 
with one lamp. This is an extreme case of high current density. 
Another opposite extreme case I recollect was that of a lead- 
sheathed cable carrying about 400 ampéres with a current density 
under 700, the temperature of which was found to be 135° Fahr. 
on a cold day. These extreme cases illustrate the absurdity of a 
fixed current density regulation. Cbg 

Experimenting further with this small stranded twin wire, it 
will be seen that it easily carries eight or ten lamps—in fact, that 
it may be used to supply a 200 C.P. lamp. According to Mr. 
Kennelly’s experiments, No. 22 = 28 mils. will require about 
17 ampéres to raise the temperature 100 degrees in wood ‘casing. 
‘This is about 30 lamps of 16 C.P., 110 volts, or 27,000 ampéres per 
square inch, current density, 

It may therefore be pronvunced to be absolutely safe with two 


. or three 16 C.P. lamps. The current required to make the insula- 


tion smoke is about 30 ampéres, or about fifty 16C.P. lamps. -The 
temperature which a wire attains, through which any steady 
current is flowing, obviously depends upon the facility with which 
the heat escapes by conduction, convection, or radiation. , So that 
the current which makes a wire red hot or melts a flexible wire 
ui) be more or less. (Exp. a 1,500 C,P. lamp with 35/40 = No. 


‘he smallest solid wire used in electric lighting is No. 20.-. 
36 mils., which at 2,000 ampéres per square inch would carry one 
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ampére, say two lamps; but would seldom be used for more than 
one lamp. - | 

. This wire, according to Mr. Kennelly’s experiments, will require 
about 23 ampères in wood casing to raise the temperature 100°. It 
will carry, as here shown experimentally, a 1,500 C.P. lamp, and 


remain comparatively cool, whilst no less than about 80 lamps or 


50 ampéres are necessary to destroy it. No 16, at 2,000 ampéres to 
the square inch, would carry six lamps, but is here showa to be 


- comparatively cool with 50 lampe. 


I have allowed 40 ampéres to flow through such a wire for a 
long time without much injuring it, equal to 70 lamps, or over 
12,000 ampéres per square inch; to burn off the insulation 100 
ampéres, say equal to 170 lamps are required. It is therefore ab- 


solutely safe to use 10 such lamps, which cause less than ;},th | 
the heat to set it on fire: 8 


SUNDRY EXPERIMENTS. 


No. 18 destroyed with 70 amperes. 
7/20 insulation melted with 110 ampères. 


I have observed 19/16s carrying 180 ampéres for hours—about 
2,900 ampéres current density. It becomes warm—according to 
Mr. Kennelly’s experiment the temperature would be raised some 
40 degrees. 

The scientific rule is that of the Institute of Electrical Engi- 
neers, that the wire is to be at least of such size that double the 
current would not raise the temperature 150°. This limit for an 
initial temperature of 75°, calculated from Mr. Kennelly’s formulæ 
gives c = 560 d 3, and might well be adopted by the insurance 
companies. 


: ese experiments on the smaller wires used in electric light- | 
ing, made not only with a current meter, but with the lamps before 


our eyes, have demonstrated that there is not the most remote 
danger of fire with the currents ordinarily used. That on the 
smallest wire even 10,000 ampéres current density would be safe 
(as safe as 500 current density on mains for 400 ampéres), and that 
for insurance companies to fix a current density, is useless, vexa- 


tious and scientifically wrong. | 


Fusible Cut-outs.—Fusible. cut-outs seem to be regarded with 
some mistrust. The point I desire to establish is that by their 
means the mains and branches may be absolutely protected from 
danger by fire. | . | 

The highest current will be required to melt a cut-out when 


it is short, and itself and connection cold—when it is longer or — 


covered up, and heated: gradually, a lower temperature melts it. 
A sudden rush of about twice the current may pass through, 


melting the cut-outs explosively. 


Experiment of Cut-out melting by Degrees, and Sudden Rush. 


A copper wire will likewise take more than double a dangerous 
current without harm in a momentary rush. On one occasion I 
observed a short circuit through a No. 16 wire, throw off a mag- 
netic cut-out supposed to be set at 350 ampères, without damaging 
the insulation of the wire. | 

The first point to notice is that the fusible wire melts at less 
current than the copper wire gets damaged. : 

The next point is to prove experimentally that wires are 
efficiently protected by fusible wires of the same diameter; and 
this is the only point that insurance companies need trouble about. 
So arg. Bags wires are efficiently guarded, it is no business of theirs 
what the working current may be. 

It may be experimentally shown that even larger cut-out wires 
would protect copper. 

But this is practice since, in most cases, much smaller cut- 
out wires can be used—especially in the larger mains. 

There is some danger of the flash from a sudden rush light- 
ing inflammable dust, if so fixed that such dust can settle on 
them. | 

The subject of the construction and position of cut-outs is most 
important, but would require a paper to itself. 

Experience has led me to regard good cut-outs properly 


fixed and wired with almost implicit confidence as protecting the 


wire. — 
Contacts.—In an experience extending over seven. years, all 
the dangers of fire have proceeded from imperfect contacts 
(with two exceptions). In two cases the wires were cut in 
two by carpenters, not concerned with electric lighting. In one 
case a fire arose from the slackening of a binding screw through 
shrinkage of wood. The resistance of a well-scraped contact is 
considerable, but loose screwed contacts get hot with even 
5 ampére currents. Broken wires with ends in contact are sure 
to set the insulation on fire through sparking. Insufficient 
area of contacts leads to heating. Cut-out wire requires 
specially good contacts to prevent melting at their ends from 
cause. | | 


Experiments on Contacts. 


Cut-outs are no protection against heating and sparking from 
imperfect or broken contacts. The following rules are useful :— 
Avoid screwed joints as much as possible; screw them up tight, 
with good areas of contact; on no account allow them out of 
sight. Solder every connection as far as conveniently practic- 


All sharp kinds in solid-wires to be cut out, not straightened. 
Use standard wires as far as possible. Put no very small wires 
out of sight, | | 


L 2 


‘electric lighting work are not necessarily 


À 


Intelligent and conscientious workmen are desirable to obviate 
this contact danger. | 

Cut-outs must be placed in conveniently accessible positions. 
Short circuits readily occur at the lamp-holders chiefly from 
meddlesome curiosity, but are almost impossible elsewhere if the 
wires are properly fixed and let alone, so that the risk of moving 
the cut-out from the root of the branch is about zero. It is easy 
to make this assumed risk absolutely zero, for if the cut-outs be 
no larger than the branches they protect, each wire has a second 
protection in the cut-out of the next superior branch. ‘  : 

Experience with cut-outs shows that if only a small i 


be allowed, they are after a while liable to melt with the nes 


current, apparently from deterioration of contacts and gradual 
accumulation of heat. In fact, cut-outs seem only too ready to 
melt, and are absolutely trustworthy to prevent fire from excess of 
current. — | 

' The ‘insulation required for telegraphic work and that for 
the same. . In the 
former the wires extend for hundreds of miles, and the storage 
of energy in the batteries is both costly and limited. In 
electric lighting the wires are short and power abundant, 


~ most engines could easily be improved from 10 to 15 per cent., 
~ and the owners will not incur the small expense, so that 1 or 2 


per cent. leakage of electricity, which would be considered 


enormous, is almost of no consequence from a prime mover point 


of view (so tos 


The chief object of electric light insulation is safety; and - 


this safety, like that of. a steam boiler, should be not for one or 
two years, but for as many years as possible. Durability is, in my 
opinion, of far more consequence than high insulation. I there- 
fore consider naked wires on insulators (where practicable) the 
best'of insulation, and I regret to say that I look upon vulcanised 
India-rubber with some distrust. Exposed to the air, vulcanised 
rubber often cracks, and more or less perishes in a few years. It 
may be that when held together and protected from the air, as itis 
in the cable, it may last for say 20 years or more. For damp 
a vulcanised rubber is indispensable, or some waterproof in- 
sulation. 

Recollecting that all work has to be done with limited means, 
and at some risk, it is very important to have clearly defined what 
wires will pass the insurance companies, and under what circum- 
stances, and at what premiums. | 

Here are specimens of wires by two London and two Manchester 


firms :— 


1. Single rubber-covered wires, which appears to me the least 
insulation desirable for wires in casings. ' 
2. Double rubber-covered wires. 


_ 8. Light vulcanised rubber-covered wires. 


The prices of similar qualities by different makers are much the 
same. But tbe price of single rubber-covered is 20 per cent. less 
than that of double rubber-covered, and light vulcanised about 40 
per cent. more than double rubber-covered. | 

‘Any of these wires when dry, the insulation per square foot in 
area is very great, and a low insulation means local faults, perhaps 
one local fault which may be a source of danger. On the other 
hand, the insulation is very much lowered D dus weather. 


To overhaul an installation so thoroughly as to trace and | 
eliminate every slight fault would involve far more labour than is . 


ever likely to be taken. Hence the greatest protection, in my 
opinion, is to be obtained by using good material and good work- 
— throughout, and not trust to merely insulation tests 
only. | 

A bad job may test well, and vice versd. | 
_ It is not fair to demand very high insulation tests for wir: with- 
out also specifying the quality of insulation. Because a single 
rubber wire, or possibly a wire innocent of India-rubber, may test 
as well as vulcanised wire in dry weather. | 

It must also be remembered that although the insulativa of the 
bases of the switches and cut-outs is high, yet in the aggregate 
(if the switches, &c., be numerous), they will reduce considerably 
the total. insulation. If the test be between the positive and 
negative wires, the lamp fittings will greatly reduce this, 50 
also that of the twin wires for the pendants, the insulation of 
which I have known to vary from 120 megohms per mile when 
dry to 48,000 ohms per mile when soaked in water and drained. — 

I find the ordinary twin flexible asbestos, covered, to be 10 to 
20 megohms per mile. ta 

Thus, for testing to be fair, it must be stated how the tests are 
to be made. as 

Casings.—The casings are mechanically useful to protect and 
support the wires; they have the disadvantage, putting it from an 
insurance point of view, of concealing it. 

They no doubt assist the insulation. 

‘he space between the grooves has now been reduced to a 
reasonable width, at the same time it seems. unreasonable to put 
all qualities of wire on the same footing. It seems to have been 
forgotten, curiously, that when switch wires, say positive, are laid 
on à positive wire and switched off, they become negative. The 
possible current through them is no doubt limited to that which 
would go through the lamps. : | 

Seeing how much this practice is followed, and its convenience, 
it is another argument for the use of good wire, with which under 
such circumstances accidents are hardly conceivable. 

The use of varnishing casing seems very doubtful; if the place 
be not damp it can be of no service; if it be damp then a wire 
that will stand damp ought to be used. | 
- Non-inflammable paints, to prevent the casing taking fire, seem 
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|  defeat the professed object. 


| 


to me ridiculous. There can be no remote risk of fire in the 
casing, if the work be properly done. | | 

Of switches very little need be said on the main sections, 
double pole switches are convenient, but on the, branches double 

le switches and double pe cut-outs, by the extra expense and 
complication they would entail, would more than defeat any 
imaginary advantage urged by their advocates. 

Equity of Rules.—The grievance of ill-framed and conflicting 
fire insurance rules is nt only that they interfere with the carry- 
ing out of the work inthe manner best. suited to the circumstances, 
but there is difficulty in knowing what is required, by insisting, 
or appearing to insist, on a certain class of material, &c., in one 


_ case, and passing very different things in another; there is a 


further difficulty in not knowing what they will pass. | 
” Those who require the electric light, and know nothing of the 
matter, are still further bewildered, and are apt to accept the 


work which is the least expensive, so that the insurance companies 


correspondence in the London Times, 
that of 33 offices, ten offices use the Phoenix rules, ten others have 


It appears, from some recent ¢ 
their own special rules, seven deal with each risk as it arises, six 
use the Institution rules. | 

In conclusion, I would most strongly urge that the rules of the 
Institution of Electrical Engineers, with perhaps a few additions, 
be accepted by all the fire insurances. | 


ALTERNATING VERSUS CONTINUOUS CURRENTS IN 


RELATION TO THE HUMAN BODY. . 


H. Newman Lawrence, M.LE.E. and Arrnus Hagrtes, M.D. 


Tue present paper is supplementary to a preliminary paper on 


the same subject read before the Institution of Electrical 


Engineers on the 27th March, 1890. | 
In that paper it was stated (Soc. Journal, Vol. 86, 1890), that 


‘ our experiments have not been made with the powerful currents — . 


dealt with in electric lighting and distribution of power,” and 
this admission together with the difficulties inseparable from the 
accurate measurement of alternating coil currents are points in 
connection with our paper which have given rise to much dis- 
cussion in the electrical and other journals. 

In the present instance, however, we have endeavoured as far 
as possible to obviate criticism on these grounds. 

1. By using currents directly from lighting circuits—both alter- 
nating and continuous. 

2. By using currents directly from a dynamo whose rate of 
alternation could be accurately ascertained. 

3. By using currents of high E.M.F. 

4. By using an instrument for the measurement of alternating 
currents, whose accuracy at the reading of our former paper was 


theoretically questioned by one or two speakers, but which has 
. since been tested and proved to give correct readings by au 


eminent practical electrician (see page of Soc. Journal, Vol. 86, 
1890), thus confirming the accuracy of the readings formerly 
recorded by the instrument, as well as those which are contained 
in our present paper. 

Another practical point to which special attention has been 
given in this paper is that our experiments have been made 
chiefly with the skin in a state of nature, so that the conditions 
of experiment as nearly as possible resemble those which might 
be expected to exist under accidental circumstances, that is to say 
under circumstances when contact with the conductors was un- 
expected and therefore unprovided for, 

With so much brief preface, we proceed to give in detail the 
results of several series of observations made under the conditions 
explained at each step. 


RESISTANCE. 


In dealing with the resistance of the human body many — 


difficulties present themselves and render it by no means easy to 
arrive at definite data thereon. ‘The complicated structure of the 
body at once prohibits any attempt to regard it as an ordinary 
inanimate conductor. Several methods have been tried or sug- 
gested. The Wheatstone bridge method which we previously 
adopted, was shown to be inaccurate by Mr. Otto T. Blathy, in 
the Electrician, of April 25th, 1890, and the unsatisfactory nature 
of comparisons made between resistance measurements taken with 
the E.M.F. of a few battery cells and: those likely to result from 
the use of an E.M.F., such as is common in light and power cir- 
cuits has been pointed out by several of our critics. 

We have, therefore, thought it best to obtain our resistance 


measurements by passing the current direct from a light circuit — 


through two or more bodies in series, and then, by noting the 
current strength passed and the E.M.F. used to pass it, to calcu- 
late the resultant resistance. 7 | Me 

. For this purpose we used in the first case dynamo generated 
continuous current taken from the lamp leads at the Institute of 
Medical Electricity, which is supplied by the St. James’s and Pall 


. Mall Electric Light Company. Having disconnected a lamp the 


voltage was tested, aud found by a Cardew voltmeter to be 104. 
We then connected up two metal electrodes of 45 square centi- 
metres area each, which could be grasped in the hand, putting in 
series therewith only a milliampére meter having 755 ohms resist- 
ance and-a key... Two persons: joined hands, and each grasped one 
of the electrodes with his free hand. Circuit was then completed 


_ The results are set forth in the following tables :— 
TABLE A.—Rgsisrance To Continvovs 


Group. | in | Current | Resultant 

1, two persons! 104 76: | 18,866 | ‘755 |. 
À », 18,086. 8,666 
‘9-25 | |: 5,244 
5 9 ” | O56 10,947" gy 5,096 
6 » -8°0 “13,000 5, 6,122 
10-9 10,400 4,822 

Average 6,185 ohms. 


> we used a dynamo generated alternatin 

current, taken from a Siemens dynamo at the School of Electrica 
Engineering, Hanover Square, which was kindly placed at our 
disposal by the managers (Mr. Wim. Lant Carpenter and Mons, 
Leon Dr ). The arrangements for connection were exactly 
the same as those. described above for the continuous current, 


In the. second case 


except that groups of four and five persons joined hands instead 


of only two. ‘The same Cardew voltmeter; the sane milliampére 
meter, the same: electrodes were used. 


The voltage varied from 115 to 137 and the alternations from 


60 to 75 per second.  . 


. TABLE B.—ResiSTANCE TO ALTERNATING CURRENTS. 


Group. Total R.. | R. of Gal. 

volts in M.A, person, 
1, five persons 115 4 28,750 755 . 5,599 
2 120 5 24,000 pa 4,649 
3 pe 123 7 17,571 ds 3,363 
4 124 ge 17,714 3,391 
is 124 6. 20,666 3,982 
6, four persons 123 aca 15 375 ai 3,655 
7 = 137 95 14,421 à 8,416 

Average 4,008. 


These observations show results widely differing from those 
obtained by other methods and indicate that while under these 
conditions the R. to the two forms of current more nearly approxi- 
mate to one another, yet that to continuous current is still con- 
siderably greater than that to alternating. It is interesting to 
note that the average R. to alternating current obtained by this 
method closely corresponds to that obtained by Mr. Blathy and 


, mentioned in his letter above referred to. He makes it from 4,000 
. to 5,000 ohma, and our results show an ave 


of 4,008 ohms. 
We may state then in round figures that we find the resistance of 
the human body under the conditions named to continuous current 
to be 1°5 times that to alternating current. . . 

We next endeavoured to find. how far variations of the contact 
area would effect the result and obtained the following readings :— 


TABLE C. 


VARIATIONS IN CURRENT DUE TO ALTERATIONS IN CONTACT AREA 
(E.M.F. being constant.) | 
Continuous dynamo current at 104 volts. 


Total contact area in square À ; 
centimetres. 

(Two electrodes, each having same Current strength in milliamperes, 

hand.) 
Sub.1 | Sub 2 Sub.3 | sub.4 | Average. 

90°0 ... 109 | 100 | 100 | 100 | 100 
45°0 ... TOI 79 5°25 | 6°19 
{| 676! 40 | | 48 


From this it appears that in round numbers :— 

A reduction ia the cont. area of 50 per cent. reduces the current 
strength by 40 per cent; a reduction in the cont. area of 75 per 
cent. reduces the current strength by 45 per cent. ; a reduction 
in the cont. area of 90 per cent. reduces the current strength by 
60 per cent. ec | 

It is manifest that to arrive at anything like a definite law on 
‘the subject a great number of ings must be taken, but we 


think the above results turm a useful indication of the important 


bearing contact area has in determining the seriousness, or other- 
wise, of accidents in light and power circuits. 


SENSATION. 


- In this p + of our: we propose to compare the results 
obtained respectively with dynamo- 


generated continuous currents 


—— 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| | 
| | 


TEE TELZURAPHIC JOURNAL AND 


| [SEPTEMBER 12, 1890. 


pLECTRICAL REVI. 


current are brought into and kept in contact for an appreciable 


_ time with the human skin in a natural state, that is to say, in the 


state normal to the n experimented upon at the time of test- 
ing. In ‘order that this might be- 


ygrometric readings, of which we have taken many, but these 
data belong rather to a | > ‘is 
the main; question, to which this paper must necessarily be 
ed, so we bave considered it best to. omit them altogether, 
that the subjects experimented on. were in 
ondition of health at the time, and that the atmosplieric condi- 
tions re our-sir or! les like those to be expected in 4 climate 
similar to that of England. ig ; | 
The results are tabulated as follows :— 


D. 


‘Conditions. —Metal handle electrodes grasped in the hands 


~ . (surface area 45 eq. c. each) in connection with dynamo-generated 


continuous current, taken from lamp leads, as before mentioned 
(Table A.), E.M.F. 104 v., by Cardew’s voltmeter. a 


Subject. Discomfort | Fixation point. 

… 15 ma. “eee Mot any. , 

a 3 ees 20. ma. eee oon not any. 

6 . 20 ma. … not any. — 

Average 183ma. Average : | | 


In each instance, burning sensation under the electrodes became 
unbearable after about 30 seconds ; this was the only objectionable 
feature, though electrolytic action was sufficiently marked to 
induce slight blistering in two of the cases. We have to call 
special attention to the fact that in no case was muscular fixation, 
or any sensation approximating thereto, reached with the con- 
tinuous current, nor have we at present any reason to suppose such 
a result possible. | 


TABLE E. 
Conditions.—Metal handle electrodes grasped in the hands 


. (surface area 45 sq. c. each). | 


Alternating current from Siemens’s dynamo. E.M.F. 110 v. by 
Cardew’s voltmeter. No. of alternations per second, 23. | 


Current strength. 

Subject. 

Discomfort point. Fixation poin'. 
1 30 ma 69 ma 
3 . 45 6'5 ss 
4 e 39 eee 8°5 33 
5 

Average 370 Average 7:10 
F. 


Alternating current from same dynamo as last table. 
Electrodes, as last table. x 

E.M.F. 85 volt. 

Alternations pcr second 68. 


ets an Current strength, 
before. 
Discomfert point. | Fixation point, 
1 . 35 ma 6 ma. 
2 8°75 ,, 
3 3 75 rT) | . 8 0 99 
5 425 .,, | not reached at 80 ,, 
Average 415. | | Average 7:90 


In ‘Table F, is will be clserved that the average discomfort 
point is 3°7, the average poipt of muscular fixation 7°10. . 

In Table F, the average discomfort point is 4°15, the: average 

The méan of the two sets being 3 9 for discomfort point, and 7:5 

We wish to differentiate clearly between what we have termed 
discomfort goint in connection with beth varieties of cur- 
rent, and that which we have called the point of muscular 
fixation; which we have only been. able to discover in experiments 
with the alternating current.° This is” the” necessary, 


pen have been better to give barometric, thermometric and 


complicated side issue and do not affeet 


because herein lies one of the great differences in the danger of 
accidental .contact with the two systems.respectively. 
To put it plainly, we have found no point at which it is impossible 
to ‘release personal contact with a continuous current circwit, while 
it is easy with a.comparatively low current strength to find a limit 
beyond which it becomes.a physical impossibility to : age oneself 
from contact with the alternating current cireutl.. 
À little consideration will show that this cannot be too strong! 
emphasised, for while with the. one, personal effort will suffice to 
release the sufferer, with the, other the agency. of a second person. mus 


_ be called into play before the dangerous action. of the current can be 


stopped. | 
Many of the critics of our former paper appear to have failed fo 


recognise this most important distinction, and to have regarded 


muscular fixation as synonymous with discomfort point. | 
Tables E and F were constructed from observations made on the 
same patients in the same order with the same machine, though 
with an interval of two days; in the first table the E.M.F. was 
greater (110 v.) and the rate of alternation less (23 per second) 
than in the second table, when the E.M.F. vas 85 v., while the 
alternations were 68 per second. eae ae | 
In- Table E fixation needed nearly twice as much current 
strength as discomfort, and in Table F the same sort of relation 
obtains, though in the latter instance the alternations were just 
three times as frequent. | 


During the discussion on the paper at the Electrical Engineers, 
on March 27th, Dr. Harrier, in his reply, stated that ‘the more 


rapid the alternations the more nearly did the conditions resemble 


those present with continuous current as regards sensation,” 
Putting aside for the moment the difference of E.M.F. in the two 
sets of experiments (25 volts) a comparison of Tables E F will 
fully bear out this statement, for we find that both average dis- 
comfort points and average fixation points are higher, though 
the alternations are so much more frequent in Table F. | 
It may not be out of place here to note that observations made 


_ with a Wheatstone’s transmitter in another series of experiments, 


at about the same time, showed that a higher rate of alternations, 
with same E.M.F. and current strength, reduced the sensation. 

It is conceivable and probable that nerve impulses travel as 
waves at a given average rate of speed (90 feet per second, Helm- 
holtz). But sensations may follow one another so rapidly and so: 
irregularly that one set of waves may impinge upon and modify: 
the next preceding set, thus altering the total effect which would 
be produced upon cortical centres by a given number of sensations 
in a given time. 

_ Alternations may be so rapid and irregular that these conditions 

are present in such wise, that the total effect of a series of shocks 
given at a certain rate of speed is less than the total effect of a 

similar number of shocks given at a lower rate of speed. : 
And it is only in this way that we are able to account for the 
power to bear larger current strength at a high rate of alterna- 
tion, .e., when the rapidity is over 50 or so per second. 


Sxocx. 


With continuous current shocks (sudden make or break), from 
dynamo-generated continuous lighting circuit with a current 
strength of 10 to 20 ma., the sensation was.that of a sudden | 
jerk, followed by feeling of heat at the pointe of contact 
with the electrodes, increasing until the sensation became un- 
bearable. The make jerk was distinctly more marked and more 
unpleasant than the break jerk, though the latter was followed . 
by an increase in the sensation of heat in the neighbourhood of 
the points of contact—the increase persisting for two or more 
seconds after contact was broken. | | 

Shocks of alternating current from Siemens’s dynamo-generated. 
alternating circuit were also taken by the subjects concerned in 
Tables A, B,C, &c. A tingling sensation was telt, which rapidly 
increased to muscular contraction, becoming more and more un- 
pleasant, and accompanied by a sensation of heat in the neighbour- 
hood of the electrodes, though not immediately under the site of 
contact as in the case of the continuous current. 

It was noticed that the maximum effect was not immediately 
felt, an increase being apparent for one or two seconds, the hands 
being still in contact with the electrodes. ‘This effect was most 
apparent with small currents (2to 3 ma.). As the current strength 
increased the maximum effect was more rapidly produced. 

When 8 ma. were passed the effect seemed immediate. Con- 
‘siderable heating of the parts in contact with the electrodes, and 
of contiguous parts, was noted on both make and break shocks. 
This continued to invade adjacent parts during the period of con- 
tinued closure of the circuit, and the general effect included 
muscular fixation in most of the subjects experimented on. 

In our previous paper we concluded by deducing a danger ratio. 
This showed the danger of serious consequences on contact with 
the alternating current to be 41:5 times greater than that to con- 
tinuous currents. So high a ratio was thought by many to be ex- 
cessive, and the more recent experiments now set forth prove it to 
be so, if we calculate it on exactly the same lines asbefore. ‘We fiad, 
however, that there are other factors which should be -included in 
calculating the danger ratio, in addition to those used in the 
former, paper, viz, ‘‘ Differences in Resistance and Sensation.” 
The difference io resistance obtained by the method we have now 
adopted and set furth in Tables A and B is 1°5 instead: of 8°3, as 
obtained by the former method. ‘The difference in sensation set 
forth in Tables D and E, on the other hand, is 4°7, or only 0°3 les: 
than that obtained previously. This would give a danger ratio of 
70. Such a ratio, though far below that obtained ‘with small bat- 
tery and coil currents, would be sufficiently serious to demand 
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careful attention from electrical engineers, if it represented 

the whole state of the case; but it does not (as mentioned above) 
cover the whole ground, for we have also to consider two other 

factors, viz., difference in initial shock and difference in continued 

‘contact. On these two heads comparative values cannot be given. 
As regards initial shock, in which the time period of contact is a 

minimum, we have made many tests on various individuals, who 
one and all declare that the initial shock of alternating current of 

a certain strength is far worse to bear than the initial shock of 

continuous current of the same strength. This, from the nature 

of the experiments, can only be tested with small currents, and it 

is conceivable that with large currents such marked differences 

may not be observable, the time factor being left out of considera- 

tion. The second, however (continued contact) is a matter of far 
greater importance, as we have already pointed out in discussing 

‘muscular fixation. The time period of contact being appreciable 
with continuous current, we have no muscular fixation, and the 

subject of accident would be able to release himself. On the 

‘other hand, an appreciable time of contact being made with an 
alternating current circuit, the subject would be absolutely fixed 


in situ until released by extraneous aid, being exposed during the 


whole time to the full effect of the current passing through him. 
Further than this, the act of muscular contraction might, and 
probably would, increase the contact area, and so increase the 
‘current allowed to pass. | 

. When, therefore, we take these last-named factors into account, 


it is manifest that the danger ratio of 41:5 to 1, named in our — 


former paper, is by no means too high. We ‘do not now name 
another figure, because it appears to us im ible to express in 
terms that could be used for calculation the differences in initial 
shock and in continued contact. | 
It may perhaps be expected that we should make some reference 
to the quantity of current which constitutes a fatal dose, but this 
‘can only be arrived at by careful observation of all the electrical 
conditions prevailing at fatal accidents or executions. 
The difficulty of obtaining such information is generally very 
‘great as regards accidents, but surely not as regards executions. 
That the authorities in charge of Kemmler’s execution failed to 
take measurements of the E.M.F. and current strength used, is 
almost incredible, and in view of the fact that they possessed so 
excellent an opportunity, such neglect seems quite inexcusible. 
For some time past, we have been hoping that some information 


in this direction would be forthcoming, but the article by Mr. C. 


Huntley in the Electrical World, reproduced in the E.LecrricaL 
Review for September 5th, 1890, appears to be conclusive, for it 
says, “ No data of either the electrical or mechanical ‘apparatus 
were taken.” | | 

Mr. Parry in bis recent articles in American electrical ay 
arrives at the conclusion that one ampére is an undoubtedly fatal 
current, provided it actually passes through the victim. This 
estimate we see no reason to differ from, though we hardly think 
sufficient evidence has been obtained on whick to base definite 
conclusions. | 

We will now briefly summarise our conclusions, and in doing so 
desire to draw attention to the fact that they are based upon certain 
conditions, and, while we believe them to be sufficiently accurate 
and reliable under these conditions, we in no sense claim them as 
true under all conditions. | 


CONCLUSIONS. 


A. When the human body, with the skin in its normal un- 
moistened condition, comes into contact for an appreciable time 
with bare metal conductors of a dynamo-generated continuous 
current passing at 100 volts in such x way that the current 
passes from hand to hand, and the total contact area is about 
square centimetres. 

1. A current of about 0°016 ampére will pass through it. : 

2. This current can be borne without discomfort for 15 to 30 
seconds. | | | 

3. After about 30 seconds uopleasant burning sensations become 
marked and quickly increase. 

4. The subject is perfectly able to releaze himself at will during 
any portion of the time of contact. tas 

B. When the human body comes into contact with dynamo- 
generated alternating currents, alternating at about 60 to 70 per 
second under the same conditions as above. 

1. A current of about 0‘025 ampére will pass through it. 

2. 'Fhis current is six times greater than that which produces 
discomfort. 

3. Instantly the subject is fixed by violent muscular contraction 
and suffers great pain. | 

4. The subject 1s utterly unable to release himself, but remains 
exposed to the full rigour of all the current that may be passing. 

C. When circuit from electric light or power conductors is 
accidentally completed through the human body, the danger of 
serious consequences is many times greater when alternating than 
when continuous currents are passing at equal voltage, and this 
is still to a large extent truc if the voltage of the continuous cur- 
rent be double that of the alternating. Piet: | 

D.‘1. With both forms of current a reduction of contact area 

_ mateñially reduces the amount of current strength that pas-e:. 

2. With the alternating current, if the rate of alternation be 
reduced below. 50 per second, the sensations of pain accompanying 
muscular fixation will be increased, while if the rate of alterna- 
tion be increased, the pain will be diifiinished. HER 

Finally, we would remind thosé géntlemen who so commonly 
speak as if voltage were the chief 6ÿ oly factor in the danger of 
accidental contact, that current st/ength is the important item, and 
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that according to Ohm’s law current st 


strength is dependent not 

only upon E.M.F., but upon the total resistance. in circuit at the 

Tv make statements based upon vol only, such aa newspaper 

reports of a recent execution have contained, is not only distinetly 

misleading, but calculated to induce the uninitiated ed to’ form 


erruncous conclusions. 


ON AN ILLUSTRATION -OF CONTACT ELECTRICITY 
PRESENTED BY THE MULTICELLULAR; ELECTRO- 

By Sir Wm. THOMSON. 

(Read before Section A, September 4th, 1890.) 9 
Contacr electricity of strong metals absolutely removed from pos- 
sibility of chemical action is a ot. which was formerly much 
discussed, but now the fact of that kind of action is thorqughly 
admitted, and most of the natural history of the subject is, pretty 
well known. Ihave not to-day to add to the knowledge of the 
subject, but merely to remark that it brings out.a very curious 
feature in electrostatic instruments, in illustrating: its application 
to this instrument of contact electricity. The metals in question 
are brass and aluminium. I am I cannot show:you the in- 


_terior of the instrument just now, but a.sketch will probably niake 
it understood. The instrument consists in a multicellular glectro- 
n 


meter. ‘In its working it is a number of cells, as,the des 


indicates, with a needle, or a number of needles, moving under the 
influence of these cells, .There are 20 cells; one overthe other, and — 


r 


we will represent this in section ar 


CELLS 


‘NEEDLES 


There are 10 cells acting on one set of ends and 10 at the'other. 
The needles are mounted one above the other on a stem; which 
hangs by a fine platino-iridium wire. The ‘pritciple is simply 


_this—the needle is connected through its fine wire’ with : the ‘eut- 


side case of the instrument, which 1s one of the metals between 
which the difference of potential has to be measured. ‘ The other 
metal is the cells—this pile of cells and the other pile of cells are 
metallically connected.’ They are insulated from -the:outer case 
of the instrument, and we have a binding screw here ‘connected 
metallically with the cells, and insulated from the’ cése’of' the in- 
strument we have ‘another binding screw.- The instrument: is 


- adapted to measure difference of potential between these tiré metals. 


It is analogous to the quadrant electrometer” with its x 


"quadrants used as two bodies, the needle cbnnécted. with the cade 
‘of-the instrument. In the quadrant electrometer contact &lec- 
tricity was illustrated by making tbe two pairs of quadratité, say, 


of zinc and copper. I have noted a very different manifestation 


‘of contact electricity presented by this form of electrometer. . Let 


us suppose that the needles and the cells are maintained at a dif- 


 ference of potential of, say, 100 volts, this instrument before you 


is adapted to work at potentials of from 60 to 120 volts. : If the 
needles were polished aluminium and the cells polished aluminium, 
we should have none of the difference due to contact ¢lectricity. 
You get apparently 100 and 2;ths or 100}, when the needles ate 
positive: aud the cells negative; on the other hand, when: the 
needles'are negative and the cells positive, you get‘994, the mean 
being correctly 100 volts. I anticipated this when the itistrument 


was first made, but our first trials of all first instruments within - 
ie ‘so little 


the year of preparation showed such effect to ad 
that it could barely be perceived. You could bately see +;th of a 
volt difference. We made more than a year ago a gréat many 
careful experiments, and never found more than ¥;th of a volt. 
Quite lately my, attention was: recalled to this by my former 
assistant, Mr. Rennie, now of the Board of Trade testing laboratory 
which has lately been established under the superintendence of 
Major Cardew. He found, with a new instrument recently 


plied. to that laboratory, a large: difference of just about : à 
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amount :we originally expected. I bave tried new instruments 
‘since, and found it much greater than in the earlier trial instru- 


ments. The explanation is, that in the original instruments that 


. were made for trial, with pieces of metal that had been tossed 


about in the laboratory, and with needles and plates unpolished, 


the condition of surface was not such as to give the proper differ- 
ence. But in the finished instruments, with a high polish a 
definite difference of this kind, much greater than in the original 


trial instrumente, was obtained. I received a letter this morning 


from Mr. Rennie about experiments on an electrometer at the 


_In the course of these experiments at the Board of Trade, ex- 
tending over a month or six weeks, and made at frequent in- 
tervals, there were doubled differences amounting frem ‘5 to ‘6. 
There was evidence of a slight decrease in the error, and it is not 


at all improbable that in time this error may diminish when the 


initial state of polish may have become toned down. I made one 


_ experiment of that kind, subjecting an ivstrument, just as it stood, 

both cells and needles, to damping by vapour of water; but the 
_* result was not to diminish the difference, but rather to augment 

it. But exceedingly little change takes place. The explanation 
. 18, of course, that polished aluminium is positive to brass, just as 
‘zinc is positive to brass, and the effect is of the same kind as would 
be observed if we had zinc needles and copper cells, the form of 
… contact electricity with which we are most familiar. Let us sup- 
 ,° pose,-instéad of being connected to a battery, a metallic connection 
+ … is made between the cells and the needles; then we shall have a 
_siniple contact difference between aluminium and brass. A direct 


experiment on the force due to that would show no result. Let 


us say 3-volt is the difference. 

The force due to this difference when the terminals are metalli- 
cally connected bears to the force due to it, when a difference of 
100 volts is maintained between them, the ratio of (4)? to 
(100 + 3)? — 100’, or, approximately, 1 to 800. 


SECONDARY CELLS. 
By W. J. S. BARBER STARKEY. 
| (Read before Section G, September 8th, 1890.) 


_I exALL only try to give a few of my personal experiences with 


secondary cells without attempting to go into their theory or 
construction, and I do this more in the hope that it may lead to 
some intéresting discussion, than for any value which may be 
attached to my experiences. Soon after the introduction of M. 
Faure’s cells into this country I was fortunate enough to become 
of one, which for a time gave excellent results, but it 80 
appened [ had to go away from home for six months, and on my 
return I found the cell would no longer work satisfactorily, and 
had become very inefficient. 
To find out the cause of this I removed the plates from their 


felt envelopes, and found that they were partially covered with a | 


white hard sulphate of lead, which I was unable again to reduce ; 
I also found that it had eaten into the supporting plates, and that 
there was a thin film of white sulphate between these plates and 
the active material, which practically acted as a non-conductor. 


- This séemed to me such a serious defect that I determined if 


possible to find out a-remedy, and, after numberless ineffectual 
attempts, I at last found out that if a small quantity of carbonate 
of soda was added to the dilute acid, it not only allowed the 
existing sulphate to be again reduced, but it also prevented the 
formation in future of the hard white intractable sulphate, even 


_if the cells were allowed to stand idle for any length of time. 


I have allowed plates to remain-idle in this solution for 


more, than 18 months, without the slightest trace of white 


sulphate appearing, 


Five years ago next Christmas, a small 


installation consisting of twenty-two E.P.S. 350 ampère-hour 


cells was fitted up for me, and it so pappened that 


e dilute 


_ acid was by mistake put into the accumulators a considerable 


time before the engine was ready to run, by which time the 


_ plates showed signs of sulphating, and as I had only a. small cur- 


rent of 10 ampéres at my disposal, I was not able again to bring 


the plates to their proper state, and the sulphating became worse 
and worse, till all the plates presented a duil grey appearance. I 
showed them to several electrical experts, and the opinion was 
that they were ruined, and the only suggestion was that I should 


pass a heavy current for a long time through the cells. This I 


was unable to do with the power at my disposal, but I passed a 
current of 10 ampéres continuously through them for a week with- 
out the slightest apparent results. Seeing this treatment was 


hopeless, I then dete: mined to try the carbonate of soda which I 


had used on a small scale some years previously on the Faure 


~ cell. Iwas told that I should probably ruin the cells, so I began 


cautiously. Into one cell out of the twenty-two I put a small 
quantity of carbonate of soda (ordinary washing soda), and I then 


_. went on charging as before, and before many hours had > 
rete er ges I was delighted to see that the plates in the 


ell, to. which carbonate of soda had been added, were be- 
ginning to assume their proper appearance, the positive plates 
becoming a very dark brown peroxide, and the negative plates a 
clear metallic lead, which was a great contrast to the uniform 


dull grey appearance of all the plates in the other cells. As soon 
_as I was convinced that the treatment with carbonate of soda was 


satisfactory, I added it to all the other cells, with the result that 
in a short time every trace of the formerly intractable white sul- . 


pee disappeared, and the cells presented a beautiful appearance. 


t is now nearly five years_since the cells were thus treated, and 


they have never since shcwn signs of sulphating, and are appa. 
rently in as good condition now as when new. I was so much 


| _impressed with the use of carbonate of soda to prevent sulphating 


of the plates, that I brought the matter before Mr. Preece, und he 
very kindly came to look at the cells, and afterwards carried out a 
most careful series of experiments to determine the valuc or other. 
wise of using sulphate of soda in secondary cells. The results of 


these experiments are, I believe, well known, and have been pub. 


lished, and the exact amount: of carbonate of soda which it is 
desirable to use has been determined : it is only necessary to use a 
very small quantity to effect the desired purpose. If:much is 


used it is of no advantage, and may tend to cause scaling 


of the plates. ; Now that. it is no longer necessary to 


-8& heavy current through cells, to prevent sulphating, it 


_appears to me that it would be much more satisfactory tn 


use larger cells for stationary work, and both charge. and 
discharge them at a considerably lower rate than at present 


recommended, thereby enormously increasing the life and | 


efficiency of the cells, and leaving a large surplus of energy in case 
of emergency. My own cells have been treated in this way, and I 
cannot see that they have in any way deteriorated after nearly five 
years’ use. If the plates are kept free from sulphate, they may be 
bent to a considerable extent without suffering any damage, and if 
the grids are made of pure soft Jead they may be readily straightened 
— Certainly my experience leads me to recommend the use 
of soft lead grids in preference to those of a hard and brittle alloy. 
I consider that burning the lugs together is the most satisfactory 
way of connecting up the cells, but if brass screws and nuts are 


used they can be greatly protected by pressing some lead foil over 


and around them, this will keep off any acid spray which might 
xeach:them while the cells are being charged, and should any of 
the brass connections become corroded, I have found that they can 
be effectually cleaned without trouble by immersing them for a 
time in a solution of carbonate of soda, and then washing them 
thoroughly in pure water. If it is desired to use separators 
between the plates, a very simple and cheap way to make them is 
to use perforated porous paper which has been saturated in melted 
paraffin wax, this stands well in dilute acid, and I have some 
which have been in use for several years. — 

Although secondary batteries are now undoubtedly very efficient 
when carefully used for stationary purposes, it appears to me that 
as at present constructed they will not stand for any long period 
the wear and tear, shaking and washing of the liquid against the 
active material to which they must be subjected when used for 
traction purposes; at least such is the impression left.on my 
mind after inspecting cells which have been used for even a short 
time ; some of the plates generally soon show signs of buckling, 
and the bottoms of the cells became covered with disintegrated 
particles of the active material, which forms a sort of mud. 
I have endeavoured to overcome these defects by packing the 
plates in a solid though porous mass of plaster of Paris mixed 
with sawdust, and for three months a battery of 96 cells thus 
prepared was successfully running a tramcar at Canning Town and 


doing the same work as the other cars, however, at the end of this . 


time the management passed into other hands, and I hear that 
the cells have been taken to pieces, as they were not giving satis- 
faction, so for the present this experiment has come to an end, 
and is apparently a failure, but I have not given up hopes that 
some modification of this plan may be successful, as for a time the 
working was very satisfactory. The proportion of plaster of Paris 
used in this experiment was two of plaster of Paris to one of saw- 
dust, but I think the plaster of Paris was not pure, and its proportion 
was too great. I am now using a set of 22 Elwell-Parker cells, in 
which the proportion is 23 of sawdust to 1 of plaster of Paris. 
The way I prepare the cells is to mix the plaster of Paris and 
sawdust intimately together in a dry state, and fill in the spaces 
between the plates with this mixture. I then pour in gently some 
dilute sulphuric acid to which a little carbonate of soda has been 
added, when the whole sets into a compact porous mass. After a 
time I pour in the electrolyte till ic stands above the level of the 
tops.of the plates, and it will be found that the cells will contain 
nearly as much liquid as if no porous material were used. 

Last autumn I used a set of these cells in conjunction with a 
turbine and dynamo, and although they were last charged in 
November, I found on my return this year in June that they still 
retained the charge well after seven months’ rest, and burnt the 


lamps brightly, the E.M.F. of each cell being just under 2 volts. : 


Although in my experiments I have used plaster of Paris to insu- 
late the particles of sawdust from each other, and to give stability 
to the porous mass, I have tried many other substances, both 
soluble and insoluble, mixed with it, but sawdust appears to act 
as well as anything which I have yet tried, and it has the 
advantage of being cheap, and easily procurable. ‘This method 
ot treating the cells would appear to be of no advantage in 
stationary work for eJectric lighting purposes, and would indeed 
be a distinct disadvantage, as owing tu the want of free circulation 


of the liquid, the E.M.F. falls more rapidly under a long-con- 


tinued heavy discharge, but it immediately recovers with a short 
interval of rest, and, in practice, these intervals are constantly 
occurring in electric traction, when the car stops to take up and 
set down passengers, and with cells treated in this way the vibra- 
tion and shaking of the car is a positive advantage, as it facilitates 


_the circulation of the electrolyte,.and tends to liberate any 


occluded gases. ‘The defect of this arrangement would appear to 
be that it must hinder the free circulation of the liquid and also 


‘add to the internal resistance of the cell, whilst, on the other 
hand, -it 


| revents the plates from buckling, retains the active 
material firmly in its place, preserves the plates from injury, and 
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| the cell ve rtable. I have ventured to mention this 

pv experiment ‘he Oe hope that it may induce someone to 

produce a thoroughly practical cell for traction p which 

will stand rough usage and be free from the defects which at pre- 
ist. 

"Ts tps thé use of carbonate of soda in secondary cells, a 

case has just been brought to my notice which appears worthy of 


= mention. I am told that at the Central News office, Ludgate Hill, — 
98 L. 13 cells had been lying dry and idle for upwards of two years, __ 


and each plate was encrusted with hard white sulphate: with 
ordinary dilute sulphuric acid and a charging current of 10 to 15 


amperes, no difference was seen after two charges of eight hours . 
per day ; after adding about half a pint of strong carbonate of | 
soda solution to the dilute sulphuric acid in the cells and doing © 


the same electrical work as before, the plates were observed to 
change colour in a few hours, and in a few days each of the cells 
presented a beautiful appearance, not a single plate buckled, and 


I am told that the battery is working perfectly now. This entirely 


confirms my experience. After plates have been brought to a 
good condition by the use of carbonate of soda, the ordinary dilute 
sulphuric acid may be substituted for the mixed electrolyte if 
the cells are to be used for continuous work ; but I believe a small 
amount of sodium salt is always beneficial; it, however, only 
becomes a necessity where cells have to stand idle for long 
periods. 


ON THE CHARACTER OF STEEL USED FOR 
PERMANENT MAGNETS. 
By W. H. Preece, FRS. 
(Read before Section A, September 9th, 1890.) 


Iw the discussion which followed the reading of Dr. John Hop- 
kinson’s Presidential address to the Institution of Electrical Engi- 
neers, I took the opportunity to point out that the quality of 


magnetic steel in England had deteriorated, and that it was not — 


to be compared with that produced in France in 1881. This state- 
ment was questioned at the time, and I determined to make an 
exhaustive test of the various steels that are now in the market. 
Specimens were therefore obtained from the leading firms in 
Sheffield, viz., Messrs. Joseph Ashforth and Company, Messrs. 
Saunderson Bros. & Co., Messrs. Thos. Jowitt and Sons, Messrs.. 
Vickers, Sons & Co., and Mr. G. P. Wall, and also from the follow- 
ing manufacturers in France: M. Marchal and M. Clemandot. 
Mr. Webb, of Crewe, also gave me some samples of the steel used 
in those works. 


| 


= 


MAGNETOMETER. 


The magnetometric method has been followed throughout 
this enquiry. -Square bars, approximately 10 cm. long and 
1 sq. cm. in section, were chosen as test pieces in preference to the 
long wires, ellipsoids, or other special forms of magnet usually em- 
ployed in very accurate investigations. These bars are comparable 
in dimensions with the magnets actually employed for telegraphic 
purposes ; they are very convenient for use with the magneto- 
meter, they can be kept in a relatively small compass for 
periodical testing, and they enable us to compare the magnetic 
qualities of different steels with very great accuracy. Although 
they can only be regarded as approximately solenoidal, and 
are much too short for theoretical exactness, yet it is be- 
lieved that the values of the induction, intensity of mag- 


netisation, and specific magnetism, calculated from the mag 7 
rate 


netic moments of the various specimens, are sufficiently accu 

be of scientific interest. In order to facilitate’ ulation, it 
was desirable that the bars should be exactly 10 cm. long. b 
1 sq. cm. in section, but it was found that the specimens receiv 
could not be worked to this size. I have therefore determined 
their dimensions and weights by careful measurements, and have 


: given the details in the subjoined tables. . 


All the English specimens were carefully and uniformly 
tempered in water in accordance with our usual practice. Of thé 
four magnets made of Allevard steel two were tempered in water, 


_ and two in mercury. The Clemandot compressed steel and the 


Marchal magnets were already tempered and magnetised when. 
received from Paris.  . | 
For magnetising the bars a powerful electromagnet (of a form 


_ suggested by Prof. Perry) was employed (fiz. 1). | 
. The coil of the electro-magnetis wound with 136 turns of ‘508 c. m. . 
_copper wire, the length of the coil between the cheeks being . 
9-3 cm. The soft iron core is 10 cm. long and 3 cm’ in diameter, 
_. and thé pole-piéces are 11°65 cm. long and 3 cm.square. ‘The upp 
pole-piece (which may be removed and replaced by one of a form » 


suitable for maximum induction experiments) is furnished with a 
thumb-screw and a small movable. block, so that the bars to. be 
magnetised may be clamped in position, care being taken that 


_ their ends make perfect contact with the pole-pieces. 


In the ficst series of experiments the magaetisiag current 
employed was 100 ampéres (13,600 en Ag an à and it was kept 
on for 30 seconds for each bur. 


In the second séries the current was increased to 325 aipères 


(44,209 ampère-turns), and kept on for three seconds in each case. 
Generally speaking this increased current did not increase the 
permanent magnetisation of the bars; but, on the contrary, 


e 
magnetisation was, in most cases, apparently slightly less than.it . 
was after magnetisation with 100 ampéres three months previously. | 


‘The magnetisation of the Clemandot and Marchal magnets was, 


however, considerably increased by the same treatment, as will be | 


seen from the tabulated result of the experiments. | 


_ The magnetometer employed is simply a Thomson mirror, suit- 
ably mounted with levelling screws, aud placed over the centre of 


a millimetre scale two metres ong The scale for reading the 
deflections is of the usual straight kind with central zero, and is 


placed at a constant distance of 100 cm. from the mirror. - The,mag- - 
nets were, in most cases, tested with their centres at distances of 


100 and 75 cms. from the mirror, and the inean of readings on either 


. side of zero in each position was taken. The moments have been 


(1? — 12)? 


calculated from the formula: = being . 


the distance of the magnet from the mirtor, and J half the length 
of magnet (= 5 cms. very nearly). 
The maximum value of 2 @ being only about 4°, tan. 9 has been 


tan. 2 6 


taken as equal to 


MAGNETISING ELECTROMAGNET. 


The value of x for the room in the General Pust Office in which _ 
the first series of experiments were made was determined both by - 


the coil method and by the method of vibrations. 


1. Experiments with a coil of 18 turns, and a mean radius of 


(15°6) ems. :— 


| 


Distance 
of coii- ec- 
Date, Curren’. | from | tion, | Tan. 0 | H. of 
mirror. 


Ampéres, | mm, 


June 12th... 1,000 | 21-01 | 01047 | ‘1268 |) 


600 | 96-14 | ‘04803 | ‘1275 
is 1ôth. ...| % 1,000 | 20-93 | 01046 | ‘1269 | | ‘1276. 
750 | 44°79 | ‘0224 | ‘1285 


‘44. | 600 | 79:58 | -03965 | ‘1282- 
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 Resurs or ExPERIMENTS FOR DETERMINING THE MaGneric Moments, &c., oF VARIOUS KINDS OF STEEL. 
| First Series.—June, 1890. ; 
| No | 
Name of à Mean aren;  . Mean | Specific | Intensity Induction : R k 
: | spect | Weight. | of poles. | Length. | Volume. moment, 1) ash tind emarks, 
| Grnmmes, | Sq. cat. em, : 
Wall ... 67-279 10028 985°4 | 14°65 | 1156 | 1452 | 
| ‘23 ‘8 10: ‘047 | 962°0 | 14°31 | 112°6 1414 ae . | 
| 66252 | -8446 | 1002 | 8-463 |1082:5 | 15:58 | 1208 
: | 4 | 66648 | ‘8487 | 10-01 | 8:496 |1158:5 | 17:38 | 1364 | 1713 | 
Ashforth 1 | 75-228 | -9295 | 10-00 | 9-295 |1380:5 | 18:35 | 1485 | 1866 
2 | 76265 | ‘9436 10°00 | |1274°5 | 16°71 | 135°1 1697 1710 
RAGE AE 3 75°870 | ‘9365 10°00 | 9°365 |1101:5 | 14:52 | 117°6 1478 
Sia 4 | 76247 | -9398 | 1003 | 9:426 |1348:8 | 17-69 | 1431 | 1798 
Satinderson ... 1 | 77-962 | -9712 | 10:04 | 9750 |1258-4 | 1614 | 1291 | 1622- | | | 
va 2 77-800 | ‘9749 10°03 | 9°770 110510 | 13:51 | 107:6 1351 1 444 § Onespecimen split slight- 
es "4 76955 | ‘9645 10°03 | 9°674 |1048°7 | 1363 | 108:4 1362 ly in tempering. 
4 | 77145 | ‘9634 10°03 | 9°662 |1107°8 | 14°36 | 1147 1441 : | 
Jowitt... ‘ 1 | 73-928 | -9186 | 1004 | 9222 | 9720 | 1315 | 105:4 | 1324 
ours _ 2 | 74120 | -9249 | 1008 | 9-276 [1803-7 | 17-59 | 1405 | 1766(| 509 
3 | 72-058 | ‘8995 | 1003 | 9°022 |L010:8 | 14:03 1120 | 1407 ; 
| 4 73°840 | ‘9214 1003 | 9'241 111709 | 15°86 | 1267 1592 | 
Vickers io ase 1 68°631 | ‘8811 10°04 | 8846 | 792°1 | 11°54 | ‘89:54 | 1125 | One specimen failed to 
2 70'043 | ‘9010 10°03 | 9°037 | | 13°35 | 103:5 100 11582 | stand tempering; one 
| 3 | 66-651 | ‘8589 | 10:02 | 8606 | 7187 | 1078 | 83:52 | 1049 slightly split 
Crewe “rivet steel” | 1 | 75:751 | -9731 9-98 | 9-711 | 1496 | 1:97 | 15:40 | 193:5 | 
a hse Reg ce 75 820 | ‘9790 9°97 | 9760 | 162:3 | 2:14 16°63 | 208°9 180°6 
3 75°553 | ‘9736 9°97 | 9‘706 | 1496 | 1:98 15°41 | 193°6 
, 4 77°210 | ‘9909 10°00 | 9909 | 99°88) 1:29 10-08 | 126°6 
| | Two specimens failed to 
Crewe “spring steel” | 1 | ‘75012 | ‘9763 | 1002 | 9-783 |1093:3 | 14:58 | 1117 
364 stand tempering ; other 
2 | 76-086 | ‘9837 | 10-02 | 9:857 [10390 | 13-65 | 1054 | 1324 
ee ' [| These bars are of com- 
Clemandot ... al | 79518; — 9:90 | 9:914 | 8729 | 1098 | 88:07 | 1106 
2 | 80886) — 9:95 |L0-04 | 9686 | 12-06 | 9648 | 1212 y 
| à maker ; they are rather 
4 | 7994 9:96 | 9:998 |1127-1 | 14:10 | 1128 | 1417 | 
5 80-542 — 997 11007 11010:8 | 12:55 | 100°4 1261 only be approximately 
6 | 79958; — 9:96 | 9-95 |1284:1 | 16-06 | 1285 | 1614 de 
|| received from Paris. 
37 | — 988 (10°04 | 741-2 | 9227 7383 |: 928 928 | 
Marchal 78478 | ‘9917 10:00 | 9°917 117507 | 22°31 | 1765 2218 
2 80°253 | 1-011 10°00 |10°106 11556 | 19:39 | 1540 1934 Tempered and magnet- 
3 79°380 | 1:014 10°00 110:136 11372 17:28 | 1354 1701 1839 ised by the maker. 
4 79-540 | 1:00! 10:00 11645 | 2068 | 1643 2065 _ Tested as received from 
~ 5 78°260 | :9992 10-00 | 9:‘992 |1200°5 | 15°34 | 1201 1510 | Paris. 
79°488 | 1:0006 10:00 (10°006 |1279°8 | 16:10 | 127°9 1607 | 
Allevard ... 79°900 | ‘9996 9°86 | | | 11:00 89°17 | 1120 
| | 80415 |10064 | 967 | 9084 1190-4 | 1492 | 1207 
8 9°600 | 9944 9:89 | 9:‘835 11480 5 | 18°60 | 150:5 1892 
| 79765 | 10054 | 9-90 | 9-954 |1138-6 | 14:27 | 1144 | 1437 § MODS 
2. ] pe ments with glass hard magnetised wires.—n calcu- 
as x Current | of coil. | rot Tan. 0 
from the formala, GE — tan 0. Date. ampere. | “from an | value of 
mm. | 
| Moment : ms Aug. 23 48 | 1,000 | 2009 | ‘010045 | ‘1269 
June 15th. | inertia | r. | Defect. | Tan. @ | vivra | H Mean. » 23 ‘47 750 | 4437 | ‘022185 | °1297 ‘1280 
K. tion, T. | ‘455 | 42°70 | “021350 | 1269 
24 ‘44 » | 41°86 | ‘02093 | ‘1287 
Min. Mm. secs. 
No. 1 wire... 5°6421 | 400 | 17:58 | ‘00879 | 7:075 | -1278 |) 
: CH [ ‘aking the strongest magnets of each group in the second series 
2 » 5 574 »» | 12°14 |006069 | 8462 | ‘1278 | +-1:277 of experiments, and arranging them in order, we have— 
Induction. 
3, «| 5574 » | 17°48 |‘008738 | 7:062 | ‘1276 Marchal, No. 1 : 
Clemandot, No. 1 … 2,362 
| “ Allevard,”” No. 3 (water tempered) 1,879 
The values of thus obtained, although agreeing closely with Ashforth, No.4 —... sue ‘se 1,779 
each other, being surprisinyly low, the samé wire magnets were Jowitt, No. 2 tes 1,746 
taken to a spot 4or 5 miles from the G.P.O., and it was then Wall, No. 4 ... ne or 1,689 
found that their periods of vibration were reduced respectively to Saunderson, No.1 ...  … sas veer 020 
5°99, 7°14, and 5°95 seconds, making # about ‘1782, and showing Allevard,”’ No. 2 (mercury tempered)... 1,528 
that the previous determinations were fairly accutate. Crewe “spring,” No.1... ons ae: 
During second series of experiments the following values of Vickers, No. 2 
x were obtained by the coil method :— Crewe “rivet,” No. 3 
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THE TELEGRAPHIC JOURNAL AND 


ELECTRICAL REVIEW. 
ResuzTs OF EXPER(MENTS FOR DETERMINING THE Maaneric Moments, &c., or VARIOUS Kinps OF STEEL. 
Second Series.—August, 1890. 
‘No. Specific | Intensity |” 
f M Mean mens Remarks. 
spec- Weight. | Length. Volame. mument. Cl) (4 mage 
. 2 of steel. 
| Grammes, | Sq. rm. c.m. cub, em. 
Wall … 1 | 67-279 | ‘8503 | 10-025 | 8525 |1008°5 | 1491 | 1177 | 1479, 
Fo 2 | 67-285 | ‘8513 | 1004 | 8:547 | 946-4 | 1408 | 1107 | 1391 
3 | 66252 | 8446 | 1002 | 8463 1022 | 15-42 | 1207 | 4617(| 1519 
4 | 66648 | ‘8487 | 1001 | 8496 1142 | 17:13 | 1344 | 1689 
Ashforth 1 | 75-228 | -9295 | 1000 | 9:295 1258 |1672 | 1853 | 1700 
9 | 76265 | ‘9436 | 10:00 | 9436 1264 | 16:57 | 133°9 | - 1682 aS ; 
3 | 5870 | -9365 | 1000 | 9365 |1103 | 14:54 | 1319 | 1657C| 1 
4 | 76247 | -9398 | 1003 | 9:426 |1334:5 | 17-50 | 141°6 | 1779 
derson … 1 | 77-962 | -9712 | 1004 | 9750 1249 | 1602 | 1281 | 1610 
2 | 77800 | | 10°03 | 9770 |1054 | 18°55.) 107-9 | 1856(| 45. 
3 | 76-955 | -9645 | 10°03 | 9674 1036 | 13:46 | 1071 | 1346Ç| 14 
4 | 77145 | ‘9634 | 10-03 | 9-662 11099 | 14:24 | 1137 | 1429)| 
Jovitt… 1 | 73-928 | -9186 | 1004 | 9-222 | 968 | 13-09 | 1049 | 1319 
2 | 741120 | -9249 | 1003 | 9-276 |1288 | 17°35 | 1388 | 1745(| 
3 | 72058 | -8995 | 10°03 | 9022 | 998 | 13:85 | 1106 | 1390(| ! 
4 | 73840 | -9214 | ‘1008 | 9241 1147 | 15:58 | 1241 | 1560 
Vickers 1 | 68630 | ‘8811 | 1004 | 8-846 | 815 |1188 | 9212 | 1158 
2 | 70043 | ‘9010 | 1003 | 9:037 | 933 | 13:32 | 1032 | 12970| 1174 
3 | 66-651 | ‘8589 | 10-02 | 8:606 | 730 | 10%5| 84:82 | 1066 
Crewe “rivet steel” 1 | 75761 | .-9731 998 |9711|157 | 2072; 1616| 208 
2 | 75820 | ‘9790 9:97 |9760 | 151 | 1991) 1547| 194(| 
3 | 75:553 | ‘9736 9-97 | 9°706 | 167:5 | 2217; 17-26 | 217 
4 77210 | ‘9909 10:00 | 9-909 | 104:5 | 1:353| 10:84 | 132:5 
Crewe “spring steel” | 1 | 75012 | «9763 | 1002 | 9783 |1118:5 | 1491 | 1143 | 1436 
| 2 | 76-086 | ‘9837 | 1002 |9:857 11056 | 13:88 | 1071 |. 1346 120! 
Clemandot al | 990 | 9:914 li864 | 23-44 | 1880 | 2362 
2 | 80335 9-95 |10°04 |1797°5 | 22:3@ | 179°0 2260 | 
| 80208; — 9-98 . 11003, |1783 | 22-22 | 1778 | 2234 
9-96 | 9:998 1786 | 22°34 | +178-7 | -2245 [| 2265) | : ita. original. OY 
5 | 80542; — 997 |1007 |1738 | 21:58 | .1726 | 2169 pr oe 
6 | 79958; — 996 | |1853 | 23:17 | 185-4 | 2329)| 
87 | 8032 | — 988 |1004 11065 |13-26 | 1061 | 1333 | 1333 
Marchal . 1 | 78478 | -9917 | 1000 | 9-917 |1671:5 | 21°30) 1685 | 2118) 
| 2 | 80-253 | 1‘011 10 00 1496 18-63 1480 | 1859}| . 
3 | ‘79-380 | 1‘O14 10:00 [10136 |1 128-6 | 1616 
4 | 79540 [1001 | 1000 |10O01 |1565 | 19-68 | 1563 | 1964/| 1758 | Before re-magnetisation. 
5 | 78260 | -9992 | 10:00 | 9-992 11135 | 14:50 | 1136 | 1427 | 
| 6 | 79-488 | 1:0006 | 1000 |10006 11246 | 15:68 | 1245 | 1565. 
Marchal 1 | 78478 | -9917 | 10-00 | 9-917 2237 | 28-50 | 2256 | . 2835) ae | 
> | 80253 |-1011 1000 (10-106 |2221 | 27-67 | 2198 | 2761 After  remagnetisation. 
3 79 380 | 1:014 1000 |10°136 |1842 | 23°20 | 181°7 2283 || ona. Meau induction in- 
4 | 79-540 | 1001 | 1000 {10°01 12147 | 2699 | -2145 | 92695 creased by 38 per cent. 
5 | 78260 | -9992 | 1000 | 9992 1845. | 2357 | 1846 | 2320! over its original value. 
G | ‘79-488 | 1:0006 | 1000 |10:006 |1868 | 23-50 | 186-7 | 2346 ass | 
Allevard” ... 1 | 70900 | -9994 | 986 |9856 | 865 | 1083) 8776) 11032]. ja). 
3 2 80°415 | 4°0064 987 | 9934 |1208 | 15:02 | 121°6 1528 | 
3 79-600 |. ‘9944 9°89 |'9-885 11471 | 18:48 | 1495 1879 1660 
4 | 79765 | 10054 9:90 | 9954 11142 | 14:31 | 1147 | 1442 


If sé take the mean induction of the magnets of each group, 


The marked superiority of the March 
‘of Eaglish steel 


tion adopted by the maker, since their mean induction was in- 


Marchal 


Clemandot 

Ashforth 

Allevard (water te 
Val 


Jowitt 


Saunderson 
Crewe “spring” . 

Allevard (mercury t 
‘Vickers 
Crewe “rivet” 


evidently no 


mpered) 


: which is probably a fairer method of comparison, we 
‘ slightly different order, viz. : 


obtdin a 


Mean Induction. 


al magnets over those made 


t due to the method of magnetisa- 


creased by 38 per cent., and their magnetisation rendered more 
uniform by re- 


etisation in our coil. Their greater strength 
must therefore be due either to the quality of the steel, or to the 


‘mode of tempering—most probably the latter. The Clemandot 
compressed steel magnets, too, which were very poor when first 
pve had their mean induction more than doubled by re-magne- 
In view of the results of these experiments, I purpose to inves- 
‘tigate further the methods of tempering magnet steel. It is pretty 
clear there is room for improvement in our present practice. 
I am indebted to M. Trotin, of the French, Telegraphic Adminis- 
tration, for having kindly procured the. French specimens for me. 
The induction in these short straight bars is-comparatively low, 
‘because we measure only the. lines (Maxwell's :B), that radiate 
from the ends.-: Prof. Perry has succeeded in getting.as much as 
‘ 12,700, with Jowitt steel, through the: middle of a magnet of a 
special horseshoe form. : It ought,.apparently; to:be possible to get 
‘about 20,000 with the best French steel. - — . F 
[happen to have in my possession two small ‘horseshoe magnets 
of Allevard steel which were made for Mr. H. Edmunds, and mag- 
netised in Paris in 1881. The induction:of one is nuw,3,287°3, and 
of the other 3,552:5. They have never been touched "since 1881 
The retentiveness is therefore very good: 
All these measurements have been made with great patience and 
skill by Mr. Henry Hartnell. 
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ON . ANTI-EFFECTIVE COPPER IN PARALLEL CON- 


DUCTORS OR IN COILED CONDUCTORS FOR ALTER- 


NATE CURRENTS. | 3 
By Sir Wu. THomson. 


(Read Before Section A, Seztember 5th, 1890.) 


1. Ir is known that by making the conductors of a circuit too 
thick, we do not get the advantage of the whole conductivity of 
the metal—copper, let us say—for alternate currents. When the 
conductor is too thick, we have in part of it comparatively 
ineffective copper present; but, so far as I know, it has generally 
been supposed that, the thicker the conductor, the greater will be 
its whole effective conductance, and that thickening it too much can 
never do worse than add comparatively ineffective copper to that 
which is most effective in conveying the current. It might, how- 
ever, be expected that we could get a positive augmentation of 
the effective ohmic resistance, because we know that the presence 


- of copper in the neighbourhood of a circuit carrying alternate 


currents, causes a virtual increase of the apparent ohmic 
resistance of the circuit, in virtue of the heat generated 
by the currents induced in it. 
effective influence, such as is thus produced by copper not forming 
part of the circuit, can be produced by copper actually in the 
circuit if the conductor be too thick? Examining the question 
mathematically, I find that it must be answered in the affirmative, 
and that great augmentation of the effective ohmic resistance is 
actually produced if the conductor be too thick ; especially in coils 
consisting of several layers of wire laid over one another in series 


around a cylindric or flat core (as in various forms of trans- 


formers). 
A 3 | | A 
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2. Fig. 1 may be imagined to represent the secondary coil of a 
transformer consisting of solid square copper wire in thee 
layers. For simplicity, we suppose the axial length to be 
infinitely great, and straight; but the uniformity which this 


May it not be that, anti- 


involves, and a close practical application to its simplicity . 


is realised in that excellent form of transformer which consists of 
a toroidal iron core completely covered by priu:ary and secondary 
wires laid on toroidal surfaces. To siwplify the mathematical 
work, I suppose the whole thickness of the three layers tu be small 
in comparison with the. greatest radius of curvature of the 
circular or flat cylindric surface on which the wire is wound, 
but if it is not +o the solution is easily obtained, for the 
case of circular cylinders, in terms of the fourier-Bessel func- 
tions. It is of no consequence for our present question what 
there be inside of coil No. 3, and if we please we may imagine 
there to be nothing but air; the drawing, however, indicates 
an iron cure and space which might be occupied by the 
primary coil, if a transformer is the subject; or our coil, 
A, A, A, A, may be the primary coil of a transformer with 
secondary coil and core inside it, and the alternate current 
maintained in it by an external electromotive agent acting 
in an arc between its ends outside. Our present results are 
applicable to all these varieties of cases indifferently, all that is 
essential being that the total quantity of current be given at each 
instant, and be uniform throughout the whole length of the coiled 
conductor. 

3. This last condition is secured by perfectness of insulation 
‘between all contiguous turns of the coil, unless we were consider- 
ing so enormously lung a coil that the quantity ot electricity 
required for the, essential changes of static electrification would 
be sensible as constituting dratts from, or contributions to, the 
current in the coil; Th2 consideration of static electrification 
involved in the. maintenance of alternate currents through 
a coil such as that represented in fig. 1, is exceedingly 
curious and interesting; but we do not enter on it at 
present at all, as in all practical cases the quantities concerned are 
quite infinitesimal in comparison with the whole quantity flowing 
in one direction or the other in the half period. 

4. In the drawing, the section of the wires is represented as 
square, but this is not essential, and in practice a flat rectangular 


parallel planes to be used without practical error. 


ribbon would, no doubt, for some dimensions of coils, be preferable, 
I assume the thickness of the insulation between the successive 
squares or rectangles in each layer to be infinitely small in com- 
parison with the breadth of the rectangle; but the thickness of 
the insulation between successive layers, which is a matter of in- 
difference to my calculations, may be anything, and would in prac- 
tice naturally be, as shown in the diagram, considerably greater 
than the thickness of the insulation between the contiguous por- 
tions of the coil in each layer. 

5. The full mathematical work which I hope to communicate to 


the Philosophical Magazine for publication in an early number, 


includes an investigation of the self-induction of the coil, with or 
without anything in its interior (such as core, or primary wire of 
a transformer), but, at present, I merely give results so far as 
effective ohmic resistance, or generation of heat in the interior of 
the wire of the coil, a, A, A, A, itself is concerned; which, as said 
above, is independent of everything in the interior, and of the 
mode in which the alternating current is produced, provided only 
that the total amount of electricity crossing the section of the wire 
per unit of time be given at each instant. 


6. As a preliminary to facilitate the expression of these results, . 
it is convenient first to give a general statement of the solution | 
of the problem of laminar diffusion of a simple harmonic variation, 
applied to the case of electric currents in a homogeneous 


conductor. Let the periodically varying magnetic force in the 


air or other insulating material in the neighbourhood of so small — 


a portion, s, of the surface of a conductor that we may regard it as 
plane be given. Resolve this magnetic force into two components, 


one perpendicular to s which we may neglect, as it has no influence 


in connection with the currents we are to consider; the other 
parallel to s, which we shall call the effective component, and 
denote by y. Through any point, o, of s, draw three rectangular 
lines, 0 x, o y, 0 Z, of which o x and o z are in 8, and o x is parallel 
to the direction of the effective magnetic force component, y. Let 


now the value of y at time, t, be 


Y = M COS 


. where x denotes a constant, and tT the period of the alternation. 
-T'he varyiog magnetic force, z, t» whatever cause it may be due, 


yives rise to currents parallel of o z in the conductor, expressed by 
the following formula for y, the current intensity at distance, x, 
from the plane, s, provided be small enough to fulfil the con- 


dition stated below :— 
M 008 (Get Ses + r), 


_ where À denotes what we may call the wave length of the disturb- 


ance and is given in the terms of t, the period of the disturbance, . 
and p and & the resistivity and magnetic permeability of the 


. substance, by the following formula :— 


For copper we have & = 1, and p = 1611 square centimetres per | 
second; and thus for 80 periods per second À = 4:49 or, say, 43 
centimetres. 


In order that the formula for y may be approximately true, it is 


. necessary, in the first place, that À must be small in comparison 


with the distance we must travel in any direction in the 
surface of s, before finding any deviation of it from the 
tangent plane through 0, comparable with À. Secondly, for a very 
good approximation, À must be so small that we may beable to travel 
inwards, in any direction from o, through a space equal to at 
least twice A, without coming to any other part of the bounding 
surface of the conductor. If, for example, the surface be a flat 
plate, this condition requires that the thickness be more than 
twice À. But (because «~™ is less than 1/23), the formula gives a 
very fair approximation, requiring for a half the thickness of the 
plate inwards from s no greater correction than about 4 per 
cent, even if the thickness of our plate be no greater than A. 
When the thickness of the plate is less than 2 A, we may consider 
waves of electric current as travelling inwards from its two sides 
and being both sensible at the middle of the plate ; and 9 com- 
plete solution of the problem is readily found by the method of 
images. But, a direct analytical investigation, by which the 
proper conditions of relation to varying magnetic force on the 
two sides of the plate are fulfilled is the most convenient way of 
fully solving the problem, and it is thus that the results given 
below have been obtained. : 

7. The smallness of the insulating space between the successive 
turns in each layer of our coil À, A, A, A, and the equality of the 
whole current through them all, prevent any surface disturbance 
from being produced at the contiguous faces, and allow the problem 
to be treated as if, instead of a row of squares or rectangles 
we had a continuous plate forming each stratum. The smallness 
of the thickness of this plate in comparison with the radius of the 
cylindric surface to which it is bent, allows, as said above, the 
mathematical treatment for an infinite plate bounded by two 
I have thus 
fuund an expression for the intensity of the current at any point 
in the metal of any one of the layers of a coil of one, two, three, or 


more layers; and have deduced from it an expression for the 


quantity of heat generated per unit of time, at any instant, per 
unit breadth in any one of the layers. I need not at present quote 
the former expres3ion ; the latter is as follows. With q to denote 
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he dynamical value in time average of the heat generated, per 
ne À NT time at different instants of the period, per unit breadth 
and unit length in layer No. i from the outside of the coil, c* the 
time average of the-square of the total current per unit breadth, 
and a the thickness_of the layer 


29 4 9 sin 2 6 — +2 ii 
wnere = UWt— 1) 
9 _ 9 cos 2 0 + cos 
| 2% a 
and : 


8, The numerical results shown in the table have been caleu-. 
lated, and the ae de © graphic representation (fig. 2), 
drawn, for me by Mr. Magnus Maclean. - , 


TABLE OF VALUES OF 6. 


16 i=] | 2 | = 38 i= 4 
1 5°118 5°127 5°141 
2 2°553 2°592 2°669 2°786 
4 1:634 2°270 3°224 
6 ‘9854 1997 4019 7053 
8 ‘9173 7°143 13°37 
10 9452 4°062 10°30 19°65 
12 | ‘9822 12-73 24°48 
14: : | 1:000 5°276 13°83 26°66 
1°002 5°362 | 1408 27°16 
e. | — 5°00 _ 18°00 25°00 


Fig. 2. 


8. We see from the table and curves that each curve has a 
minimum distance from the line of abcissas, and that each 
comes to a horizontal asymptote, parallel to the line of 
abscissas, for 8 = 0. By looking at the formula, we see 
that there is, in fact, an infinite succession of minimums 
and maximums in the expression for 6, but it is only the 
first minimum, and the following maximum, that occur 


within the range of variation of 6, which we regard 


as sensible. In the case of i = 1, the formula gives 
6 = 37 for the first minimum. The curves show for the 


| 16 8 
case of i = 2, 3, 4, respectively, the first minimum at ——— = 44, 


3, and 2°6, respectively. The thickness which corresponds to 
0 = x is the half wave length of the electric disturbance, which, 
as we have seen is for copper 2°244 centimetres, when the fre- 
quency of the alternations is 80 periods persecond ; and for this case, 
therefore, the thicknesses that give minimum generation of heat in 


the first, second, third, and fourth layers are, respectively, 11°22, 


6°31, 4°21, and 3°65 millimetres. Anything more of continuous copper 
than these thicknesses in any of the layers would be not merely in- 
effective or comparatively ineffective, but would be positively 
anti-effective. Even with so small a thickness as 2°8 millimetres, 


for copper and frequency 80, line 2 of the table (corresponding to — 
a sixteenth of the wave-length) shows, in the first, second, third, 
and fourth layers, losses of 0°3 per cent., 2 per cent., 5 per cent., 


and 10 per cent. in excess of that due to the true ohmic resistance 
of the copper, were it all effective. When the size chosen for the 


transformer and the amount of output required of itare such that . 


a thickness of 24 millimetres in the direction perpendicular to the 


layers is insufficient, a remedy is to be had by using braided wire, 
or twisted strand, with slight insulation of varnish or whitewash, 
crushed or rolled into rectangular or square form of the desired 
thickness and breadth. A very slight resistance between the 
different wires thus crushed tegether would suffice to cause the 
current to run nearly enough full bore to do away with any 
sensible loss from the-cause which forms the subject of this com- 
munication. 


ON THE FORM OF ‘SUBMARINE CABLES FOR: LONG 
| DISTANCE TELEPHONY. 
By W. H. Pruece, F.R.S. 
(Read before Section G, September 9th, 1890.) 


At the Newcastle meeting last I gave the reasons and ex-. 


year, 

pos which led to the conclusion that telephoning between 

ndon and Paris was practical. New and distinct ærial lines 
of four copper wires are now being erected by the respective 
governments from each capital to the coast, and a new cable, the 
joint property of the two governments, will be laid during 
this year, between the Kent coast and Sangatte, to connect 
these two lines. There will thus be two metallic circuits between 
the two capitals. The x 2, that is the product of the capacity, x, 
and the resistance, R, of each circuit, upon which the clearness of 
articulation depends, will be: 5,900, indicating that speech should: 
be excellent. | | FPT 

A somewhat similar circuit has been established, since October 
last, between Buenos Ayres and Monte Video, under my advice. 
The cables across the La Plata are each 28 miles long, for there 
are two separate single wire cables, and the total distance between 


the two cities is 180 miles. Subscribers, who have metallic circuits _ 


in each city, have. no difficulty. whatever in speaking to each other 
from their respective offices, although the KR is as high as 
10,400. | | | | 

The cable across the Channel will be a four-wire cable, and the 
specification for its construction has been based on the following 
mathematical development by Mr. H. R. Kempe. - 

Let there be a looped telephonic line between 4 and 8, with a 
cable c, at an intermediate point on the route. 


B, 


The working capacity of the whole line is dependent upon the 
product of the total resistance, 8, and the total capacity x. There- 
fore, if we take the resistance of the aerial portion of the line to be 
a fixed quantity, there will be a particular size of cable conductor 


which will give the smallest possible size of dielectric, sufficient 


to enable a particular value of K B® not to be exceeded. For, if we 
make the conductor larger than this size, and thereby diminish 


. its resistance, we can, it is true, do with an increased capacity, 


but the diminution in the thickness of the dielectric which could 
thereby be allowed, is more than compensated for by the fact that 
the surface of the conductor is larger ; in other words, we increase 
the capacity in a greater proportion than we diminish the resist- 


ance. If, on the other hand, we diminish the size of the conductor, 


we increase the resistance in a greater proportion than we diminish 


the capacity. Strictly speaking, the requirements of the problem - 
are to determine the size of cable core which shall cost least ; but. 


inasmuch as the costs of gutta-percha and copper, bulk for bulk, do 
not differ greatly, the problem resolves itself into the determina- 
tion of the smallest outer diameter which can be employed. 


= total resistance of aerial line, 


f 

k = ,, capacity of aerial line, 

Then KR = (k (r+ 
Let D = diameter of dielectric of cable, 

“hen 


a 


where a and b are constants. 
We have, therefore, 


(r+ 
log~ — 
therefore 
= = — 
therefore | 
| b (r + < 
D a? 
log, 
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ON . ANTI-EFFECTIVE COPPER IN PARALLEL CON- 
DUCTORS OR IN COILED CONDUCTORS FOR ALTER- 
NATE CURRENTS. | 


By Sir Wau. THomson. 
(Read Before Section A, September 5th, 1890.) 


1. Ir is known that by making the conductors of a circuit too 
thick, we do not get the advantage‘ of the whole conductivity of 
the metal—copper, let us say—for alternate currents. When the 
conductor is too thick, we have in part of it comparatively 
ineffective copper present; but, so far as I know, it has generally 
_ been supposed that, the thicker the conductor, the greater will be 
its whole effective conductance, and that thickening it too much can 
never do worse than add comparatively ineffective copper to that 
which is most effective in conveying the current. It might, how- 
ever, be expected that we could get a positive augmentation of 
the effective ohmic resistance, because we know that the presence 
of copper in the neighbourhood of a circuit carrying alternate 
currents, causes a virtual increase of the apparent ohmic 
resistance of the circuit, in virtue of the heat generated 
by the currents induced in it. May it not be that, anti- 
effective influence, such as is thus produced by copper not forming 
part of the circuit, can be produced by copper actually in the 
circuit if the conductor be too thick? Examining the question 
mathematically, I find that it must be answered in the affirmative, 
and that great augmentation of the effective ohmic resistance is 
actually produced if the conductor be too thick ; especially in coils 


around a cylindric or flat core (as in various forms of trans- 


formers). 
A | 3 | A 
a 2 
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Fia. 1. 


2. Fig. 1 may be imagined to represent the secondary coil of a 
transformer consisting of solid square copper wire in thee 
layers. For simplicity, we suppose the axial length to be 
infinitely great, and straight; but the uniformity which this 


is realised in that excellent form of transforiner which consists of 
a toroidal iron core completely covered by primary and secondary 
wires laid on toroidal surfaces. To siwplify the mathematical 
work, I suppose the whole thickness of the three layers tu be small 
in comparison with the greatest radius of curvature of the 
circular or flat cylindric surface on which the wire is wceund, 
but if it is not +o the solution is easily obtained, for the 
case of circular cylinders, in terms of the f'uurier-Bessel func- 


there be inside of coil No. 3, and if we please we way imagine 
there to be nothing but air; the drawing, however, indicates 
an iron core and space which might be oveupted by the 
primary coil, if a transformer is the subject; or our coil, 
A, A, A, A, may be the primary coil of a transformer with 


maintained in it by an external electromotive agent. acting 
in an arc between its ends outside. Our present results are 
applicable to all these varieties of cases indifferently, all that is 
essential being that the total quantity of current be given at each 
instant, and be uniform throughout the whole length of the coiled 

3. This last condition is secured by perfectness of insulation 
‘between all contiguous turns of the coil, unless we were consider- 
ing so enormously long a coil that the quantity ot electricity 
required for the. essential changes of static electrification would 
be sensible as constituting dratts from, or contributions to, the 
current in the coil: Th2 consideration of static electrification 
involved in the. maintenance of alternate currents through 
a coil such as that represented in fig. 1, is exceedingly 
curious and interesting; but we do nut enter on it at 
present at all, as in all practical cases the quantities concerned are 
quite infinitesimal in comparison 
in one direction or the other in the half period. 


4. In the drawing, the section of the wires is represented as 


| square, but this is not essential, and in practice a flat rectangular 


ELECTRICAL REVIEW. 


air or other insulating material in the neighbourhood of so small 


consisting of several layers of wire laid over one another in series 


now the value of y at time, t, be 


. where x denotes a constant, and T the period of the alternation. 


. necessary, in the first place, that À must be small in comparison 


involves, and a close practical application to its simplicity | 


tions. It is of no consequence for our present question what 


secondary coil and core inside it, and the .alternate current 


with the whole quantity flowing — 


ribbon would, no doubt, for some dimensions of coils, be preferable. 
I assume the thickness of the insulation between the successive 
squares or rectangles in each layer to be infinitely small in com- 
parison with the breadth of the rectangle; but the thickness of 
the insulation between successive layers, which is a matter of in- 
difference to my calculations, may be anything, and would in prac- 
tice naturally be, as shown in the diagram, considerably greater 
than the thickness of the insulation between the contiguous por- 
tions of the coil in each layer. 

5. The full mathematical work which I hope to communicate to 


the Philosophical Magazine for publication in an early number, 


includes an investigation of the self-induction of the coil, with or 


- without anything in its interior (such as core, or primary wire of 
. @ transformer), but, at present, I merely give results so far as. 


effective ohmic resistance, or generation of heat in the interior of 
the wire of the coil, a, a, A, A, itself is concerned; which, as said 
above, is independent of everything in the interior, and of the 
mode in which the alternating current is produced, provided only 
that the total amount of electricity crossing the section of the wire 
per unit of time be given at each instant. are 

6. As a preliminary to facilitate the expression of these results, 
it is convenient first to give a general statement of the solution 
of the problem of laminar diffusion of a simple harmonic variation, 
applied to the case of electric currents in a homogeneous 
conductor. Let the periodically varying magnetic force in. the 


a portion, s, of the surface of a conductor that we may regard it as 
plane be given. Resolve this magnetic force into two componente, 
one perpendicular to s which we may neglect, as it has no influence 
in connection with the currents we are to consider; the other 
parallel to s, which we shall call the effective component, and 
denote by y. Through any point, o, of s, draw three rectangular 
lines, 0 x, o y, 0 Z, of which o x and o z are in 8, and o x is parallel 
to the direction of the effective magnetic force component, y. Let 


Y = M COS Seas. 


The varyiog magnetic force, z, t» whatever cause it may be due, 
gives rise to currents parallel of o z in the conductor, expressed by 
the following formula for y, the current intensity at distance, x, 
from the plane, s, provided be small enough to fulfil the con- 
dition stated below:— | | | 4 


Y 


where À denotes what we may call the wave length of the disturb- 
ance and is given in the terms of tT, the period of the disturbance, 
and p and & the resistivity and magnetic permeability of the 
substance, by the following formula :— 


For copper we have & = 1, and p 1611 square centimetres per 
second; and thus for 80 periods per second À = 4:49 or, say, 43 
centimetres. 


In order that the formula for y may be approximately true, it is 


with the distance we must travel in any direction in the 
surface of s, before finding any deviation of it from the 
tangent plane through o, comparable with’. Secondly, for a very 
good approximation, À must be so small that we may beableto travel 
inwards, in any direction from o, through a space equal to at 
least twice A, without coming to any other part of the bounding 
surface of the conductor. If, for example, the surface be a flat 
plate, this condition requires that the thickness be more than 
twice À. But (because «~” is less than 1/23), the formula gives a 
very-fair approximation, requiring for a half the thickness of the 
plate inwards from s no greater correction than about 4 per 
cent, even if the thickness of our plate be no greater than À. 
When the thickness of the plate is less than 2 A, we may consider 
waves of electric current as travelling inwards from its two sides 
and being both sensible at the middle of the plate ; and a com- 
plete solution of the problem is readily found by the method of 
images. But, a direct analytical investigation, by which the 
proper conditions of relation to varying magnetic force on the 
two sides of the plate are fulfilled is the most convenient way of 
fully solving the problem, and it is thus that the results given 
below have been obtained. a 

7. The smallness of the insulating space between the successive 
turns in each layer of our coil À, a, A, a, and the equality of the 
whole current through them all, prevent any surface disturbance 
from being produced at the contiguous faces, and allow the problem 
to be treated as if, instead of a row of squares or rectangles 
we had a continuous plate forming each stratum. The smallness 
of the thickness of this plate in comparison with the radius of the 


eylindric surface to which it is bent, allows, as said above, the 


mathematical treatment for an inflnite plate bounded by two 


parallel planes to be used without practical error., I have thus 


fuund an expression for the intensity of the current at any point 
in the metal of any one of the layers of a coil of one, two, three, or 
more layers; and have deduced from it an expression for the 
quantity of heat generated per unit of time, at any instant, per 
unit breadth in any one of the layers. I need not at present quote 
the former expression ; the latter is as follows. With q to denote 
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the dynamical value in time average of the heat generated, per 
unit of time at different instants of the period, À unit breath 
and unit length in layer No. i from the outside of the coil, c? the 
time average of the-square of the total current per unit breadth, 
and a the thickness of the layer | 


2 
a= 6 c° 


629 4 2 sin 2 8 — 0 sin 0-e—° 
where => — + 
— 2 cos 2 0 +e? +20c08 7° - 
and 27a | 
— À L] 


The results shown in table have been cales. 
Be e accompanying graphic representation 
drawn, for me by Mr. Magnus Maclean. a or (fig. 2), 


TABLE OF VALUES OF 86. 


| pee i-4 
1 5118 5118 5127 5141 
2 2-553 2:592 2-669 2-786 
4 1:316 1634. 2:270 3-224 
6 9854 1997 4019 7-058 
8 9173 2-098 13:37 
10 | 4062 1080 19:65 
12 9822 4899 | 12°78 24:48 
14 | 1-000 5276 13:83 26°66 
16 «61002 | «6862 | 14:08 27°16 
00... 00 25-00 

| 


Fia. 2. 


8. We see from the table and curves that each curve has a 
minimum distance from the line of abcissas, and that each 
comes to a horizontal asymptote, parallel to the line of 
abscissas, for @= ©. By looking at the formula, we see 
that there is, in fact, an infinite succession of minimums 
and maximums in the expression for 9, but it is only the 
first minimum, and the following maximum, that occur 


within the range of variation of 9, which we regard ~ 


as sensible. In the case of i = 1, the formula gives 
6 = x for the first minimum. The curves show for the 


6 
case of i = 2, 3, 4, respectively, the first minimum at ee = 44, 


3, and 2°6, respectively,. The thickness which corresponds to 
0 = x is the half wave length of the electric disturbance, which, 
as we have seen is for copper 2°244 centimetres, when the fre- 
quency of the alternations is 80 periods persecond ; and for this case, 
therefore, the thicknesses that give minimum generation of heat in 


the first, second, third, and fourth layers are, respectively, 11°22, 


6°31, 4°21, and 3°65 millimetres. Anything more of continuous cop 

than these thicknesses in any of the layers would be not merely in- 
effective or comparatively ineffective, but would be itively 
anti-effective. Even with so small a thickness as 2°8 millimetres, 


for copper and frequency 80, line 2 of the table (corresponding to — 


a sixteenth of the wave-length) shows, in the first, second, third, 
and fourth layers, losses of 0°3 per cent., 2 per cent., 5 per cent., 
and 10 per cent. in excess of that due to the true ohmic resistance 
of the copper, were it all effective. When the size chosen for the 


transformer and the amount of output required of it are such that . 


a thickness of 24 millimetres in the direction perpendicular to the 


KR = (k + ) + 3) 
therefore 

log, > r. + + 
therefore 
log, 


layers is insufficient, a remedy is to be had by using braided wire, 
or twisted strand, with slight insulation of varnish or whitewash, 
crushed or rolled into rectangular or square form of the desired 
thickness and breadth. A very slight resistance between the 
different wires thus crushed tegether would suffice to cause the 
current to run nearly enough full bore to do away with any 
prs on ag from the cause which forms the subject of this com- 


ON THE FORM OF SUBMARINE CABLES FOR: LONG 
DISTANCE TELEPHONY. 


By W. H. F.RB.S. 
(Read before Section G, September 9th, 1890.) 
At the Newcastle’ m 
at telephoning between 
erected by the respective 


pre which led to the conclusion 
n 


governments from each capital to the coast, and a new cable, the 
Joint property of the two governments, will be laid during 


this year, between the Kent coast and Sangatte, to connect 
these two lines. There will thus be two metallic circuits between 
the two capitals. The & kr, that is the product of the capacity, x, 
and the resistance, kr, of each circuit, upon which the clearness of 
articulation depends, will be: 5,900, 
be excellent. | 


last, between Buenos Ayres and Monte Video, under advice. 
The cables across the La Plata are each 28 miles long, for there 
are two separate single wire cables, and the total distance between 


the two cities is 180 miles. Subscribers, who have metallic circuits 


in each city, have no difficulty. whatever in speaking to each other 
from theie respective offices, although the KR is as high as 


10,400. 

The cable across the Channel will be a four-wire cable, and the 
specification for its construction has been based on the following 
mathematical development by Mr. H. R. Kempe. 

Let there be a looped telephonic line between 4 and 8, with a 
cable c, at an intermediate point on the route. < | 
» 


The working capacity of the whole line is dependent upon the 
roduct of the total resistance, kr, and the total capacity x. There- 
ore, if we take the resistance of the aerial portion of the line to be 

a fixed quantity, there will be a particular size of cable conductor 
which will give the smallest possible size of dielectric, sufficient 
to enable a particular value of kK ® not to be exceeded. For, if we 
make the conductor larger than this size, and thereby diminish 
its resistance, we can, it is true, do with an in capacity, 
but the diminution in the thickness of the dielectric which could 
thereby be allowed, is more than compensated for by the fact that 
the surface of the conductor is larger ; in other words, we increase 
the capacity in a greater proportion than we diminish the resist- 


ance. If, on the other hand, we diminish the size of the conductor, 


we increase the resistance in a greater proportion than we diminish 


the capacity. Strictly speaking, the requirements of the problem 


are to determine the size of cable core which shall cosf least ; but. 
inasmuch as the costs of gutta-percha and copper, bulk for bulk, do 
not differ greatly, the problem resolves itself into the determina- 
tion of the smallest outer diameter which can be employed. 

| 
= total resistance of aerial line, 


r 
p ' “yy Cable, 
k = ,, capacity of aerial line, 


cable. 
Then KR= (k+x«) (r +p). 


Let > = diameter of dielectric of cable, 


a 
et log, | 2 
where a and b are constants. 
We have, therefore, 


eeting last year, I gave the reasons and ex-. 


ng that speech should 
A somewhat similar circuit has been established, since October : 
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therefore 
b(r + à) 
log, D = + bg, 
(r+ 
1 
== + 10 z 
KR—kr k a + log, * KR—kr _ k Be 
x? a b b «° 
where À 
a 
_KR—kr 
ab 
k 
à 


Now to make p a minimum we must make log, D (that is u) a 
minimum, and this we have to do by variation of +, therefore we 


have 
1\ $c} 1 
(2-5 | 
therefore 
1\ 26) 
2 
2) 
Btacl 
5) 
therefore 
| e(s-°) -2 {ntact 
therefore 
5) = V 2(B + ac) 
therefore | 
"= #2(84+4c) 
therefore 


_ 


£ 
| B | 
From which, by solving the quadratic equation, we get 


VB+Ac+VB+AC+280c 
28 
Now, careful experiments made on an aerial line of copper wire, 
weighing 200 Ibs. per mile (diameter = 112 mils.), the wire being 
30 feet above the ground showed that the inductive capacity per 


mile was ‘015 microfarads very nearly, cofsequently the capacity 
per mile is expressed by the formula | | 


“061637 
| | 61583625 — log d 
d being the diameter of the wire in mils. 

From this formula the capacity per mile of a wire weighing 400 
Ibs. works out ‘0156 m.f. The average resistance per mile of a 
wire of this weight is 2°25 ohms. 

Taking the distance between London and Dover to be 70 miles, 
and between Calais and Paris to be 180 miles, the total distance of 


the loop will be 500 miles, which for a 400 lbs. copper wire gives 
the resistance 


r = 500 x 225 = 1,125 ohms. 
Now, in the case of a looped wire, the total capacity equals half 
that of a single wire, hence 


0156 x 250 
= 1:95. 


Assuming the length of the cable to be 21 knots, we have 
approximately 


42 x 74,402 oP 
p= mi for copper of 98 per cent. conductivity at 60° F. 


so that a = 3,124,884. 


The ordinary standard core used by the Post Office has a con- 


| so that 


ductor diameter of 86°41 mils., and a gutta-percha diameter of 
285 mils., and a capacity of 1/3 m.f. per knot, and as 


const. 


capacity per ‘knot = 


we have const. 


or _ 


The capacity of 42 knots of looped cable will be half that of 21 
knots of single cable, hence | 


21 


log log 


4356481 


D 
loge 

= 4°356481 

We have then for 400 lbs. wire 


‘a = 3,124,884 
b 4356481 
r 1,125 
k 1°95 


If we take x & = 7,600, which is the highest value that can 
safely be taken, we get 


_ 7,500 — 1:95 x 1,125 
3,124,884 x 4°356481 


‘000889779 x 1:95 _ 


B = ‘000389779 


00034898 
2BC 4 356481 
B= ‘000551231 

195 x 1,125 = ‘0001611454 


AC = 


| 3,124,884 x 4356481 
From this we get 

/ B+ AC = ‘02347177 
/B+AC+2BC = ‘0299977 

/ 28 = 000551231 


‘02347177 + ‘0299977 _ 97-00014 


000551231 
and extreme diameter of strand = 97-00014 x = = 102-1054 mils. 
Since K R = (k + «) (r + p) | | 


we get KR 


K = — k 
r+p 
108. — 195 = 3197153 
1,125 4+ 129,504 | 
| (97-00014)? 
But — 189199468 
log 2 
08 
therefore | 
1°89199468 _ 189199468 
log D + log 3197153 + 19867724 


= 25785475 = log of 378:86 
= 380 mils approximately. 


If we take | 
æ = 95 then p = 37894 

»» 9700014 » 378 86 

» 37908 


which proves the correctness of the calculation for a minimum. 

The values of these diameters correspond very closely to a core, 
the weight of whose conductor is 160 lbs., and the weight of whose 
gutta-percha covering is 300 lbs., and it has therefore been decided 
to adopt those dimensions. 

Although the calculation has been made on the assumption that 
the land lines on both sides of the cable are to be of 400 lbs. wire, 
the French Government have decided that the wires to be erected 
by them shall be of 600 lbs. weight; the result of this will be to 
reduce the value of KR to 5,900, as stated at the commencement 
of the paper. 

The specification of the cable states that :—(1) Each conductor 
shall be formed of a strand of seven copper wires all of equal 
diameter, shall weigh 160 lbs. per nautical mile, and shall at a 
temperature of 75° Fahrenheit have a resistance not higher than 
7:632 ohms or lower than 7°478 ohms per nautical mile. 

(2) Each conductor shall be insulated by being covered with 


| 
log 4 
08 82-087 
const. = = “18018997 
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three alternate layers of Chatterton’s compound and gutta-percha, 
beginning with a layer of the said compound, and no more com- 

und shall be ative | than may be necessary to secure adhesion 
between the conductor and the layers of gutta-percha. The 
dielectric on each conductor shall weigh 300 lbs. per nautical mile, 
making the total weight of each conductor when covered with the 
dielectric 460 lbs. per nautical mile. 

(3) The inductive capacity of such insulated conductor shall 
not exceed ‘3045 microfarad per nautical mile. 

(4) The insulation resistance of each coil of core shall be not 
less than 500 megohms per nautical mile after such coil shall have 
been kept in water maintained at a temperature of 75° Fahrenheit 
for not less than 24 consecutive hours immediately preceding the 
test, and after electrification during one minute. 


The cores (four in number) are to be served with the best wet 


fully tanned yarn, and with a sheathing of 16—280 mil. wires, each 


having a minimum breaking strain of 3,500 lbs., and a minimum 
of i in 6inches. The section of the cable is shown by 
the fig. | | 


SUGGESTIONS TOWARDS A DETERMINATION OF THE 
OHM. 


By Prof. J. V. Jonss, Principal and Professor of Physics in the . 


University College of South Wales and Monmouthshire, Cardiff. 


(Read in conjunction with the Discussion on Electrical Units, 
in Section À, September 5th, 1890.) 


‘“ Ox the whole I am of opinion that if it is desirable at the present 
time to construct apparatus on the most favourable scale so as to 
reach the highest attainable accuracy, the modification of 
Lorenz’s method, last described, is the one that offers the best 
prospect of success. Before this is done, however, it ap to 
me ang “ré that the value now three times pitt in the 
Cavendish Laboratory, by distinct methods, should be approximatel 

verified (or disproved) by other physicists. To distinguis 

between this value and those obtained for instance by Kohlrausch, 
by Lorenz, or by the first B. A. Committee, should not 
require the construction of unusually costly apparatus. Until 
the larger question is disposed of, it seems premature to discuss 


the details of arrangements from which the highest degree of pre- _ 


cision is to be expected.” 

The above p which concludes a paper communicated by 
e Philosophical Magazine, in November, 1882, 
nearly two years before the Electrical Congress at Paris, at which 
the legal ohm was defined to be the resistance of a column of 
mercury of 1 sq. mm. section and 1,060 mm. long, seems not to 
have met with adequate response in this country. So far as pub- 
lished experiments in English laboratories are concerned, the 
determination of the ohm remains where Lord Rayleigh left it, 
except for the contribution made by Glazebrook and Fitzpatrick 
in their measurement of the specific resistance of mercury in terms 
of the B.A. unit, which is one of the elements in the determination 
of the specific resistance of mercury in absolute measure by Lord 
Rayleigh’s adaptation of Lorenz’s method. 

’ But though in England the scientific world has during the last 
seven or eight years occupied itself with other things, in other 
countries, and more especially in America and France, measure- 
ments have been made which have confirmed the Cavendish 
Laboratory result as against the other values mentioned by Lord 
Rayleigh in the passage quoted. Further, indication has already 
been given of the intention to employ as the unit of electrical re- 
sistance in the new Government Standardising Laboratory not the 
so-called legal ohm but the true ohm as nearly as it can be deter- 
mined, and Major Cardew in the paper recently read by him before 
the Institution of Electrical Engineers has invoked the assistance of 
Lord Rayleigh and the British Association Electrical Standards 
Committee in the preparation of the required unit. The work 
judged necessary by Lord Rayleigh before the conditions of a more 
accurate determination could be advantageously discussed having 
been done; and practical necessity for an authoritative deter- 


mination having arisen in connection with the standardising . 


laboratory, the time seems ripe for a consideration of arrangements 
likely to secure high accuracy, and it is with this view that I 
venture to bring before the section the suggestions embodied in 
this paper. 

In the hope of paving the way for a more accurate determina- 
tion (and initially moved to ‘the work by the invitation given in 
the passage which I first read) I have for a considerable time been 
engaged in submitting to the test of experiment certain modi- 
fications of the method of Lorenz which occurred to me as likely 


t2 lead to increased accuracy and certainty. I do not propose to : 


plane of a coaxial standard coil. 


_ trouble the section with the details of these experiments, which I 


hope may be published elsewhere. I mention them merely to give 
the suggestions brought forward the su port derived from a deter- 
mination actually made on the lines indicated. The experiments 
have been made in the laboratory of the University College at 
Cardiff with apparatus for the most constructed in the college 
workshop. Five complete sets of o tions were taken in the 
spring of this year with the following results for the specific re- 
tance of mercury at 0° C. :— ; | 


(i) 94,108 absolute units 
‘ (ii. 94,074 » » 
(ïi.) 94,098 . ,, 
(iv.) 94,045 
(v.) 94,021 », 


Mean 94,067 + 10 (probable error). The result may be other- 
wise expressed by saying that the ohm is equal to the resistance of 
a column of mercury of 1 square mm. sectional area, and 106-307 
centimetres long, the probable error being + 0°012. 

It is far from my intention to bring these numbers forward as the 


best determination possible by the method I have used. I donot 


think they at all represent the accu attainable if the apparatus 
were to be constructed on a scale a little larger, and with a certain 
perfecting of detail. Undersuch circumstances I am of opinion that 
a single set of observations will give a result accurate to one part 
in ten thousand, and that as a mean of a number of observations we 
may, perhaps, aim at the hundred-thousandth if regard is paid 


to the maintenance of definite temperatures in all parts of the 


apparatus, and if we can be said to know our length standards to 
is degree of accuracy. 
In Lorenz’s method a metallic disc is made to rotate in the mean 
il, Wires touching the centre and 
circumference of the disc are led to the ends of the resistance to be 
measured, and the same current is passed through this resistance 
and the standard coil. The connections being rightly made we may, 
by varying either the rate of rotation of the disc or the resistance 
to be measured, so arrange matters as to have no change of cur- 
rent in the circuit of the disc and wires joining it to the ends of 
the resistance when the direction of the current through the re- 
sistance and the standard coil is changed. When this arrange- 
ment is effected there is a balance between the electromotive force 
due to the motion of the disc in the magnetic field of the current 
in the standard coil, and the difference of potential at the ends of 
the resistance due to the current traversing it. If this adjust- 
ment is made, let us say that the apparatus is in an equilibrium 
position. | | 
If m = the coefficient of mutual induction of the standard coil 
and the circumference of the disc ; 
nm = the rate of rotation of the disc (number of revolutions 
per second) ; | 
R = the resistance; 
y = the current through the standard coil and resistance ; 


then, in an equilibrium position, 
Mny = BY 
or MN R. 


In practice it is not possible to take the coefficient of mutual in- 
duction and the rate of rotation large enough to make the measured 
resistance more than a small fraction of an ohm*; and this has 
usually been regarded as one of the difficulties of Lorenz’s method. 

In order that the absolute unit may be recoverable at pleasure 
without the fatigues of a new absolute determination, it.must be 
defined in practice by reference to the specific resistance of some 
standard substance, and for many reasons there is a consensus of 
opinion in making this standard substance mercury. The deter- 
mination of the ohm as a practical problem, therefore, becomes 
identical with the determination of the specific resistance of 
mercury in absolute measure, and the small resistance measured 
by the method of Lorenz’s must, in order to complete the investi- 
gation, be brought into relation and compared with the ig 
resistance of mercury. Lorenz himself évaded the difficulty by 
taking for his measured resistance the resistance of a mercury 
column contained in a glass tube; the resistance of the column 
was then obtained in absolute measure, and the specific resistance 
calculated from the dimensions of the column. It is hardly pos- 
sible, however, that the latter calculation can have been, or is 
likely to be, achieved with accuracy, however accurately the tube 
be calibrated. For, on the one hand, if the wires from the disc 
(the terminal portions of which may be called the electrodes) are 
led to the ends of the tube, the equipotential surfaces touched by 
them are not plane; and, on the other, if they are let into the tube 
at some distance from the ends, it is difficult to see how the 
distatice between them is to be measured with the requisite 
accuracy. ; | 

Under these circumstances Lord Rayleigh preferred to use solid 
conductors, overcoming the difficulty of gg sr the resistance 
measu with ordinary standards by a shunt method, which 
made it possible to express it at once in terms of the B.A. unit. 
The B.A. unit being thus found in absolute measure, a separate 
investigation of the specific resistance of mercury in terms of the 
B.A. unit completed the determination. Rowland and others have 
adopted the shunt method ot Lord Rayleigh, which may be said 
to be an essential feature in the more probable determinations 


002. 
004 


* Lorenz ‘0008 
Rayleigh ‘002 eee eee 


4 ZX | 
© |. 
| 
| 
| | 
| 
| | 


THE TELEGRAPHIC JOURNAL AND 


Oc: ELECTRICAL REVIEW. 


[SEPTEMBER 12, 1890. 


by Lorenz's method. Spite of the conspicuous success which 


has attended the use of solid conductors by the shunt method, : 


I venture to suggest a reversion to Lorenz’s use of mercury. 
The physical constant to be measured is the specific resist- 
ance of mercury, and if this can, by direct measurement, 
be determined with accuracy, it seems inconvenient and un- 
desirable first to determine the resistance of the B.A. unit 
in absolute measure, and then to determine the specific resistance 
of mercury in B.A. units. If consistently with accuracy the 
artificial B.A. unit can be dropped out of our experiments as well 
as out of the result; and the measurements made directly on 
mercury, the simplicity wovld seem to be a recommendation, and 


the argument is perhaps enforced by the consideration that there — 


is very nearly as much divergence in the results of different 
observers for the specific resistance of mercury in B.A. units as 
there is in the values obtained for the B.A. unit in absolute 
measure. 


bad 


The objections to the use of mercury ina tube are unanswer- 
able; but the difficulties disappear if instead of placing the 
mercury in a tube, it is placed in a long trough, and if instead of 
measuring the distance between the two electrodes, one electrode 
is kept fixed while measurement is made of the distance moved 
through by the other between two equilibrium positions corres- 
ponding to two different rates of rotation of the disc. The latter 
measurement it is easy to make with accuracy, for the movable 
electrode may be rigidly attached to the movable headstock of a 
Whitworth measuring machine or some other measuring bank 
placed parallel to the length of the trough ; and the two equilibrium 
positions may be taken near the middle of the trough so as to 
avoid danger of curvature in the equipotential surfaces passing 
through the electrode in its two positions. 

Let n,, n, be the rates of rotation of the disc, and let 1 be the 
distance between the corresponding equilibrium positions of the 
movable electrode. 


l 
M = a ? 


where p = the specific resistance of.mercury. 
A = area of section of the mercury column. 


But we are met by a new difficulty, the determination of the 
section of the mercury column. The capillary depression at the 


_sides of the trough would make it a most serious task to determine 


the section by direct measurement to the required degree of 


accuracy. | 
Fortunately, this difficulty may be overcome by a further diffe- 
rential method, viz., by making observations with the mercury at 
two different heights in the trough. mes 
Let b = the breadth of the trough ; . | 
h; — h, = the difference of height of the mercury surface in the 


WO CASES ; | | 
and lets = the section of the mercury column when the mercury 
is at the lower position. : 


Then we have, denoting by dashed letters, the new values of the 
rates of rotation and the distance between the corresponding equi- 
librium positions— 

A 
1+0(=h)" 


M (m — 2) = 


(n° — n'2) = 


whence eliminating A | 


It is assumed in the above formula that the sides of the trough 
in that part of it traversed by the movable electrode are plane, 
parallel, and vertical. : 

Hence the determination of the specific resistance involves the 
determination of :— 

(i.) Four equilibrium positions, two at each depth, with the 

rates of rotation of the disc to which they correspond. 

(ii.) The breadth of the trough in that. part of it traversed 

by the movable electrode. 

(iii.) The difference of level of the mercury surface at the 

two depths. 

iv.) The coefficient of mutual induction of the coil and disc. 
positions and the coefficient of mutual induction belong to all 
forms of Lorenz’s method, whether the resistance measured is that 
of a solid conductor or that of a mercury column. Those specially 
incident to the use of a mercury column are :— | 

(i.) The manufacture of an accurate trough, and. : 

(ii.) The accurate measurement of the difference of level of 

the mercury surface in its two positions. 

The trough used by me in the experiments of which I have 
spoken, was cut in paraffin wax contained in a strong casting of 
iron with its sides strengthened by outside ribs. The channel is 
approximately 43°5 inches long, by 1°5 inches broad, by 3 inches 
deep. It was first cut by a cutter rotating about 2,000 times a 
minuté, attached to the slide rest of the College Whitworth Lathe, 
and subsequently finished by a scraper, attached in similar fashion, 
which took a very thin cut off sides and bottom. The result of 
the scraping was a very smooth and highly finished surface. 

This method of obtaining a channel for the mercury was 
adopted in the hope that so cut in the lathe it might present a 
breadth constant to two or three ten thousandths of an inch. This 
hope was not realised: the results of subsequently calibrating the 
trough over the 10 inches of it traversed by the movable electrode 
indicated a variation of as much as ‘001 inch in its breadth. The 
objections to the use of paraffin wax are :— 

(i.) Its softness makes it necessary to proceed with great care 
in measuring its breadth, lest damage should be done to the sur- 
face. This difficulty is satisfactorily surmounted in the form of 
internal callipers adopted in the calibration, which I must not 
stay to describe. | 

(ii.) The coefficient of expansion of paraffin wax is very large, 


* its linear coefficient of — being about ‘0003. A change of 


temperature would, therefore, cause distortion in the wax channel 
seeing that the wax is enclosed in an iron casing. 

We endeavoured to meet the danger of inaccuracy due to this 
cause by measuring the breadth of the trough as nearly as possible 
at the same temperature as that at which the electrical observa- 
tions were made, care being taken to maintain the trough ata 
uniform temperature throughout the observations. During the 
month of the observations, the temperature inside the box in 


which the trough was placed, did not vary more than half a 


degree. But, notwithstanding this care, I am of opinion that the 
difference in the result of different sets of observations depends 
in the main upon variations in the trough due to varying tempera- 
ture. But it is impossible to apply a correction, for paraffin wax 


_ is so bad a conductor of heat that its temperature could not he 


assumed to be that of the thermometers in the mercury channel ; 
ne —— at any part would really be a function of ancient 

istory. 

Under these circumstances, I have come to the conclusion that 
I made a mistake in my choice of a substance ; the disadvantages 
outweigh the apparent ease of construction. Probably a much 
more satisfactory result would be obtained by building up the 
trough of worked glass or scraped marble. I do not doubt that a 
sufficiently accurate trough might be made in either of these 
substances without straining the resources of the English 
mechanical engineer. We may observe that small errors become 
of less importance as the breadth of the trough is increased; and 


nothing but practical convenience limits the size of the trough 


we may employ, provided it is long enough in proportion to its 
breadth to make the equi-potential surfaces plane over the part of 
it traversed by the movable electrode. It is further to be noticed 
that it is only the latter part of it that needs to be finished with 
the highest accuracy, and when the mechanical engineer has done 
his best, it is still possible to obtain a further approximation by a 
process of calibration. | 

The position of the mercury surface in the trough may be deter- 
mined electrically by means of a pointed steel spherometer screw. 
The screw may be moved downwards until an electric circuit, 
comprising the screw and the mercury, is completed. It is of the 
utmost importance that the point of the screw should be kept 
clean, and that the mercury surface should be free from an oxide 
film, otherwise successive observations may differ from one another 
as much as ‘001 inch; but with clean mercury, if the point is care- 
fully wiped with filter paper before making the observations, half 
a dozen observations may be without difficulty obtained, none of 
which differ from the mean by more than ‘00004 inch. To preserve 
the point, sparking at the mercury surface should be ml mere as 
much as possible. 

In order that the capillary surface should be of the same shape 
at both levels, the surface should always be brought to its 
measured position by pouring mercury into the trough, and never 
by taking mercury out of it. , 

I am of opinion that both the measurements to which I have re- 
ferred as peculiar to the direct use of mercury by the differential 
method—viz., that of the breadth of the trough and that of the 
difference of level of the mercury surface—may be made with an 


he difficulties attached to the determination of equilibrium ~ 
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accuracy which will compare favourably with that which we can 
hope for in the determination of the equilibrium position ; and, 
perhaps, also with that which we may expect in the measurement 
of the coefficient of mutual induction—mea ents which are 
common to all forms of Lorenz’s method. 

Probably, also—though here I speak with hesitation and without 
experience—the accuracy will be as great as, if not greater than, 
that which attends the calibration of a glass tube, necessary to 
the determination of the specific resistance of mercury in B.A. 
units. 

_ The electrical observations in Lorenz’s method consist, funda- 
mentally, in the determination of equilibrium positions, together 
with the rates of rotation to which they correspond. The equi- 
librium position is obtained when, if the direction of the current 


is reversed through the standard coil and trough, the reading of | 


a galvanometer inserted in the disc circuit is unaffected. In the 
experiments I have made, I have found it best—following Lord 
Rayleigh—to take two sets of galvanometer readings for each 
equilibrium position, one set giving the change of galvanometer 
ing corresponding to reversal of the battery current for a 
position of the electrode slightly to one side of the equilibrium 
position ; the other, the change of galvanometer reading, corre- 
sponding to reversal for a second position slightly on the other 
side of- the equilibrium position. The galvanometer readin 

_ corresponding to the two positions of the commutator being called 

E and w, passage through an equilibrium position is indicated by 
a change in the algebraic me of w — E. When w — E has been 
found for two positions slightly differing from one another, and 
including between them the equilibrium position, the latter may 
be found by simple interpolation. Since the readings, © and w, 
are not quite fixed, owing to small changes in the speed of the 
disc and variations at the brush contacts, it is necessary to take a 
number of reversals and to find w — E as the mean of the values 
obtained by combining the first value of £ with the first of w, the 
first of w with the second of #, the second of E with the second of 
w, &c. The more quickly the reversals can be made to succeed 
one another, the better will be the results, for with rapid reversal 
variations in the position of the needle corresponding to no cur- 
rent through the standard coil (1.e., variations due to change at the 
brush contacts), are less likely to supervene. It is, therefore, best 
not to wait for the needle to come even approximately to rest after 
the disturbance due to the induction current on reversal, but to 
take the readings for the extreme positions in an oscillation, and 
_ having previously found the coefficient of damping, to calculate 

the position of rest from these two readings. | 

The whole difficulty in determining an equilibrium position 
arises from the want of constancy in the readings z= and w; and 
this want of constancy is due to two causes :— | 

1. Variations in the electromotive force at the brush contacts. 

2. Variations in the rate of rotation of the disc. 

It was with a feeling akin to despair that I watched the dance 
of the galvanometer needle during the first running of my appa- 
ratus, when the brush at the circumference of the disc was com- 
posed of a number of layers of thin phosphor bronze sheet 
controlled by a spring, and the dance continued, however well the 
circumference of the disc and brush were amalgamated at starting. 
Trials were made in the hope of improvement with amalgamated 
copper and amalgamated lead, and with the substitution of a dead 


weight pressure for the spring. But no satisfactory result could 


be obtained. It was noticed, however, that after amalgamation 
the readings were fairly steady for a short interval, and it 
occurred to me that if mercury could be continuously supplied to 
the surface of contact between the brush and the disc, this 
steadiness might be maintained. This led on to the idea of a 
brush consisting of a single wire perforated by a channel 
through which a constant flow of mercury might be maintained 
from a cistern of adjustable height ; and a brush of this descrip- 
tion was finally adopted. It presents very great advantages over 
any other form of brush tried. | 

Prof. Rowland used three brushes on the circumference instead 
of one, and I do not doubt that a multiplication of brushes is ad- 
vantageous. Three or more such brushes as I have described, 
resting by dead weight pressure on the circumference of a disc 
ground true in place would, I believe, give an excellent result. 
The grinding of the disc in place is an important aid to steadiness 
of galvanometer reading. 

It is to be noticed that the value of w — £ for a position at a 
given distance from the equilibrium position is proportional to 
the current through the standard coil. Hence the small vari 
tions due to the brush contacts which do not at all depend on the 
current through the coil become proportionately of less importance 
as the current is increased. We ought, therefore, from this point 
of view, to use as large a current as possible. But the magnitude 
of the current is limited by‘the fact that it has to traverse the 
wire of the standard coil, which must not be made so hot as to 
risk the destruction of its insulation. This consideration points 
to the use of wire of considerable diameter in the standard coil. 

If the wire of the coil is made of large diameter, attention must 
be paid to the influence on the coefficient of mutual induction of 
the non-coincidence of the current with the axis of the wire. 

The second cause of want of steadiness in the galvanometer 
needle is variation in the rate of rotation of the disc ; and this is 
the real crux. We are not helped in determining the equilibrium 
position either by increasing the sensitiveness of the galvanometer 
or the magnitude of the current through the coil, unless we pro- 
cure a corresponding increase of steadiness in the running of the 
disc. We. may increase the value of w — £ for a ere at a 
given distance from an equilibrium position in either of these ways, 


_ coil of greater axial length than has been customary 


varla- 


but unless there is a corresponding improvement in the constancy 
of the disc rotation no advantage results, for the variations in 
w and £ resulting from changes of speed are proportional to w —E. 
Hence in the construction of apparatus for a new determination 
mechanical engineers should be invited to do their very best to 
procure a constant rotation. No time or trouble spent in securing 
this will be lost for the purpose in view. | | 
In my Sonn the disc was turned by an electromotor 
directly coupled to it, and driven from a battery of secondary cells. 
Each bearing was fitted with sight feed lubricators, and a heavy 
steel flywheel was attached to the motor. The current passed to 
the motor through resistance coils, and could be varied con- 
tinuously through a small by a slide resistance of platinoid 
wire, after the larger adjustment had been made to obtain a — 
approximately that which was required. A shunt worked by a 
lever also provided the means of taking out or putting in a small 
resistance suddenly, so as to allow the observer taking note of the 
speed to counteract small variations, due to alteration in the 
lubrication of the bearings. | 
To obtain improved steadiness, the chief ges needing atten- 
tion is lubrication. Some forced system of lubrication may be 
employed. Either oil may be pumped through the bearings, or 
they may be fed from a pie poy at some height above them. 
Attention might also be directed to the friction of the brushes on 
the motor commutator. I do not think we can look hopefully to 
an increase of steadiness from the employment of any hand brake 
controlled by the observer, for the mischief is done, and the 
alteration has come about before he observes that it is his duty to 


put the brake on or off. In fact, the galvanometer needle picks 


up the alterations much sooner than the observer’s eye. An 
ectro-magnetic brake might be useful for adjusting the speed, 
but could not give any additional steadiness to the galvanometer 
needle. is can, I think, only be procured by perfection of 
mechanical workmanship, and inc attention to the truth of 
all rubbing surfaces, and their proper lubrication. 

It remains to speak of the measurements necessary to enable 
the calculation of the coefficient of mutual induction to be per- 
formed. To facilitate an accurate determination of the mean 
radius of the standard coil, I desire to i 
a coil consisting of one layer of wire. The advantage in con- 
structing a standard coil with a single layer of wire is that every 
part of it is visible, and that nothing is done to alter the position 
of the wire after measurements are made. 
many layers, it is not quite easy to say where, after measurement, 
the lower layers go to under the pressure of the superincumbent 
layers. Lord Rayleigh found, in the case of certain coils used by 
him, that the mean radius calculated from measurements made in 


_ winding was greater by one part in 2,000 than the mean radius 


calculated from measurements made in ing yb result clearly 
pr to the compression of the lower layers by the layers above 

We should, therefore, expect that if the mean radius of a coil of 
many layers is calculated from measurements made in winding, it 
will be reckoned too large 
note that in the measurements made by Lord Rayleigh by the 


_ method of Lorenz, the series in which the coils are so placed as to 


make the induction coefficient nearly independent of the mean 
radius, gives a result rather larger than the other series, 
which is what might be expected, if the mean radius is 
over-estimated. But the smallness of the variation (a little 


over one part in 10,000), seems to show that the error of mean. 


radius must be very small for the pair of coils used by Lord 


Rayleigh. In general, we should expect as far as this cause > 


that values of the specific resistance in determining which colle of 


many layers are used would come out too low, since an overesti- 
mate of the mean radius of the coil means an underestimate of 
_ the coefficient of mutual induction. 


The apparent disadvantage 
of a coil of a single layer is that the number of turns will be fewer 
and, therefore, the coefficient of mutual induction of the coil and 
disc smaller than in the case of a coil of many layers. We may, 
however, in order to get a sufficient number of turns, À the 
we 
cannot, in that case, use Lord Rayleigh’s formula of approximation 
in calculating the coefficient of mutual induction. Under these 
circumstances, x new formula, a pT to a coil of moderate 
axial length, was a desideratum. 


the direct integration of the expression J i LE cos ¢ for a circle 
and coaxial helix. 


It is of the form | 


Where a = the radius of a circular section of the cylinder 
determined by the helix. 
a = the radius of the circle. 
n = the number of turns of the helix. 
2 x = the axial length of the helix.* 


| 

cos20d@ 
P = 
(1 —c?sin* 6) 2 


Read before Physical Society, 


and 


* Phil. Mag., January, 1889. 
November 10th, 1888. 


If a coil consists of 


In the face of this, it is interesting to. 


uch a formula I obtained by ‘ 
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when _241a 


Ata 


c 


Pm may be expressed in terms of c, Fr (c), and E (c). 

This is the formula I have used in calculating the coefficient of 
mutual induction of the coil and disc in the experiments already 
mentioned. The coil is of double silk covered copper wire of about 
‘02 ‘inch diameter, resting in a screw thread of ‘025 inch pitch, cut 
on a hollow cylinder of brass of about 21 inches external diameter. 
The axial length of the cylinder is something over 4°65 inches, and 
185 turns of wire are wound on it. The disc has a radius of about 
6°5 inches, and the coefficient of mutual induction is about 17,000 
inches. This is a little more than a tenth of the coefficient of 
mutual induction of the coils and disc used by Lord Rayleigh in 
the first and second series of his experiments by the method of 
Lorenz, but it was found to be ample for the purpose in hand. 

The mean radius of the coil was measured iu the Whitworth 
measuring machine. 

Uncertainty arose from two causes :— 

i.) The silk covering of the wire; . 
ii.) The ellipticity of the coil cylinder. 
he silk covering of the wire is of slightly varying thickness, 
and suffers compression to a varying extent during a series of 
measurements. 

A standard coil, consisting of naked wire wound in a screw 
thread cut ona cylinder of insulating material, would be preferable 
to one of covered wire wound on a metal cylinder. There is, how- 
ever, difficulty in finding a suitable insulating material. Wood 
immediately occurs to one’s mind, but a large coil of wood, even 
though it be built up many pieces, is apt to change its shape with 
age and varying atmospheric conditions. But if a suitable insu- 
lating material, that can be turned true and that will retain its 
shape can be found, a single layer of naked wire in a screw th 


cut on a cylinder of this material, would give us a coil the mean 


radius of which might be easily measured with certainty in the 
Whitworth machine to far more than one part in ten thousand. 

The ellipticity of the coil cylinder deserves notice. The 
cylinder was turned with great care in the lathe already men- 
tioned. It was cast with three lugs by which to bolt it to the face 
plate, and subsequently in precisely similar fashion to the strong 
brass frame which serves as its support during use. The first 
operation was roughly to fit the lugs to the face plate by filing. A 
rougbing cut was then taken over the entire surface of the cylinder, 
so as to get rid of as much as possible of the internal strain due to 
unequal cooling of the casting. It was next unbolted and the lugs 
were carefully scraped to fit the face plate, and after again bolting 
it to the face plate the final turning was proceeded with. Very 
fine cuts were taken in finishing, and it was hoped that by these 
precautions we should secure a true right circular cylinder. 
Nevertheless measurements made in the Whitworth measuring 
machine show that the section of the cylinder at right angles to 
its axis is slightly oval. The longest: diameter is 21°1056, and the 
shortest 21°0898, from which it appears that there is a difference of 
about ‘008 inch between the longest and shortest radius. It appvars, 
indeed, to be a task of no ordinary difficulty to turn a pox er of 
large size that shall remain true to the thousandth of an inch. 
Every fresh cut seems to alter its internal equilibrium, and after 
the cut is complete it adjusts itself to a new shape. The remedy 
lies in having a sufficiently massive cylinder carefully annealed to 
work on, and a fund of patience to make the requisite number of 
fine finishing cuts with a sufficient interval of time between them. 
In conclusion, the main suggestions I have to offer for considera- 
tion are the following :— | 

(I.) That the time is ripe for a new determination of the ohm 
that shall be final for the practical purposes of the electrical 
engineer. 

II.) That such a determination may be made by the method 
of Lorenz, the specific resistance of mercury being obtained 
directly in absolute measure by the differential method described. 

(IL) That the standard coil should consist of a single layer 
of wire, the coefficient of mutual induction df the coil and disc 
circumference being calculated by the new formula. : 


Discussion. 


Mr. SWINBURNE having suggested certain alterations in the 
NE parts of Prof. Jones’s apparatus, 

Lord RayLeiGx said that he was very much interested in the 
paper. When he first planned observations by the method of 
Lorenz, he naturally cast about to see whether he could imitate 
him and deal as Prof. Jones had done with an actual column of 
mercury. He found certain difficulties which at the time choked 
him off, and which Prof. Jones had overcome. He was quite con- 


scious that good results might be obtained in that way, and it was 


of great interest to obtain them in that way. This was a distinct 
variation from the methods used by others. Here they had mercury 
brought directly into the absolute measurement. He was not 
quite sure whether he rightly understood Prof. Jones as to the 


manner in which connection with the mercury column was made. 
He thought as far as he did understand him, the movable elec- 
trode of which he spoke, was the one which actually carried the 
main current. 

_ Prof. Jones said the current through the standard coil was in- 
troduced to the mercury by thick iron plates at the end of the open 
trough. | 


Lord RayLerGH thought that that arrangement commended 


itself to them. What he attempted was as follows :—He took a 
closed tube of about 1 inch in diameter, and in order to get lateral 
connections he divided it, cutting it as clean as he could at two 
places into three parts, and then filing away a little bit of the 
edge, put them together with cement, leaving in that way the 
cavities through which the lateral wires could be introduced. He 
thought the amount of disturbance of the regular sections induced 
in that way was not much; and he was sure if it were gone 
into in a careful manner, good results would be obtained. Prof. 
Jones had used an open trough with a free surface in order to 
eliminate the effect of meniscus, by a differential arrangement of 
which the depth was varied. His only remark as to that would 
be that, as Prof. Jones explained it, it seemed to require four 
observations to get a result. That rather accumulated errors of 
reading, though not to a serious extent probably. He had very 
little doubt that by this method extremely accurate results might 
be got; and, no doubt, if Prof. Jones pursued the subject, he might 
obtain a degree of accuracy surpassing any yet obtained. He was 
not sure whether so high a degree of agi ( was very important 
at the present moment. No doubt they would like to get a greater 
degree of accuracy than they had obtained; but he was 
not sure that there were any other measurements with which 
that could be brought into comparison. Supposing they could, 
how could they use the number unless in comparison with other 
numbers obtained in other physical measurements? Nothing de- 
finite would follow from it, and if they used it for electrical pur- 
poses they had to face the difficulty of comparing wire with 
mercury. The only other point was as to the question of the 
temperature of the mercury. When a comparatively thin tube 
filled with mercury was used, there was no difficulty in immersing 
it in ice. Was the mercury in Prof. Jones’s apparatus at zero ? 

Prof. Jones : No. 16°5°. 

Lord RayzeiGx : Then it depends upon the change in mercury. 

Prof. Jones: Yes. The speaker went on to say that he used 
the formulæ of Mascart and Benoit. 

Lord Rayze1Gx said that that correction could be made with a 
great degree of accuracy, but it took away from the method that 
consisted in the comparison. However, there could be no doubt 
of the very great interest of getting that result direct in terms of 
mercury without the inconvenience of any other standard, and he 
—_ Prof. Jones would pursue it. 

ir Wi1LL1am THomson mentioned one point as a source of error, 
viz., meniscus. Prof. Jones said that the meniscus was taken as 
the result of adding to the mercury in each case. If it was so 
finely balanced as that, he would be afraid that even tapping it 
during experiments would alter the level of the surface and induce 
error. No doubt Prof. Jones attended to that, but it was necessary 
to make quite sure that the error from meniscus did not sensibly 
vitiate the result, and if it did, by how much? Asto temperature, 
he should think that its determination might be got with great 
accuracy by thermometers placed in the mercury itself at con- 
siderable distances in the parts subject to the differential test ; 
two or three y" at some distance from where the mercury was 
tapped would do. He was glad that Lord Rayleigh advised 
Prof. Jones to pursue the method which seemed, so far, exceed- 
ingly satisfactory. 

Lord RAyLEIGx said he meant to have expressed his appreciation 
of the advantage of being able to reduce a coil to a single layer. 
No one who had measured a coil would doubt that. There was a 
question of the uniformity of the winding in the other direction— 
whether the windings were uniform along the axis? Prof. Jones 
said that they vers i on a screw throughout. 

Prof. Jones briefly replied on the remarks made. 


ON ALTERNATE CURRENTS IN PARALLEL CONDUC- 


TORS OF HOMOGENEOUS OR HETEROGENEOUS 
SUBSTANCE. 


By Sir Wu. Txomson. 
‘- (Read before Section A, September 5th, 1890.) 


THis paper consists of a description of some of the results of a 
full mathematical investigation of the subject which I hope to 
communicate to the Philosophical Magazine for an early number. 

1. Two or more straight parallel conductors, supposed, for sim- 
plicity, to be infinitely long, have alternating currents maintained 
in them by an alternate current dynamo, or other electromotive 
agent applied to one set of their ends at so great a distance from 
the portion investigated, that in it the currents are not sensibly 
deviated from parallel straight lines. The other set of ends may, 
indifferently in respect to our present problem, be either all con- 
nected together without resistance, or through resistances, or 
through electromotive agents. All that we are concerned with 
at present is, that the conductors we consider form closed circuits, 
or one closed circuit; and that, therefore, the total quantities 


of electricity per unit of time at any instant traversing the 


normal sections in opposite directions are equal. 

2. We suppose the period of the alternation to be very great in 
comparison with the time taken by light to traverse a distance 
equal to the greatest diameter of cross-section of our whole group 
of conductors. This supposition is implied in the previous 
assumptions of parallel rectilinearity of the electric stream-lines, 
and of equality of the quantities of electricity traversing, in 
opposite directions, the several areas of a normal section. _ 

3. We farther suppose that the length of our conductors and 
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their effective ohmic resistances, are so moderate,* that the 
quantities of electricity deposited on, and removed from, their 
boundaries to supply the electrostatic forces along the conductors 
required for producing the alternations of the currents, are 
negligible in comparison with the total quantity flowing in either 
direction in the half-period. This supposition excludes important 
practical problems of telegraphy and telephony, the problem of 
long submarine cables for instance, but it includes the problem of 
electric lighting by alternating currenta transmitted at high 
tension through considerable distances, as, for example, from 
Deptford to London. 

4. The general investigation includes as readily any number of 
separate circuits of parallel conductors, as a single circuit, but for 
simplicity in describing results, I sup our system of con- 
ductors to be so joined at their ends as to constitute a single 
simple circuit of two parallel conductors.t It may be either two 
conductors or one conductor, one of which may or may not sur- 
round the other, as shown in figs. 1 and 2, representing cross 
sections. Each conductor may be single, as in figs. 1 and 2; or 
either may be multiple parallels. 

5. We suppose each conductor to be homogeneous: in substance 
and in cross section from end to end, but not necessarily homo- 
geneous in different parts of the cross section. Thus the different 


N 


Fig. 1 


conductors, or the different parts of either, may be of different 
metals, or either conductor, or any part of either conductor, may 
consist of two metals (as iron and copper or iron and lead) laid 
parallel and soldered together. 
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another potential at the other end, and similarly for a’. The 
homogeneousness of the material and of the cross sections along 
the length of the conductors, and the uniformity of the total cur- 
rents assumed in Section 3, implies that all the different parts of 
A in one cross sectional plane are at one potential, even though a 
consist of mutually isolated parts, or a’ consist of mere isolated 
parts. If, as in figs. 1 and 2, all the parts of a are in mutual 
metallic connection, and all the parts of a’ are in mutual metallic 
connection, this would entail uniformity of potential through a, 
and uniformity of potential through a’, even without the limita- 
tion of our subject laid down in Section 3. 

7. The following are among some of the most noteworthy 
results of the full mathematical treatment of the subject :— 

I. When the period of alternation is large in comparison with 


400 times the square of the greatest thickness or diameter of any - 


of the conductors, multiplied by its magnetic permeability, and 
divided by its electric resistivity, the current intensity is distri- 


buted through each conductor inversely as the electric resistivity ; 


the phase of alternation of the current is the same as the phase 

of the electromotive force; and the current across every infini- 

tesimal area of the cross-section is calculated, according to the 

rn i force at each instant, by simple application of 
hm’s law. 


II. When the period is very small in comparison with 400 times — 


the square of the smallest thickness or diameter of any of the con- 


‘ ductors, multiplied by its magnetic permeability, and divided by 


its electric resistivity, the current is confined to an exceedin ly 
thin surface stratum of the conductors. The thickness of this 
stratum is directly as the square root of the quotient of resistivity, 
divided by magnetic permeability of the substance in different 
parts of the surface, but the total quantity of the current per 
unit breadth of the surface is independent of the material, and, 
except in such cases as those referred to at the end of II. below, 
varies in each cross section in simple proportion to the electric 
surface density of the static electrification induced by the electro- 
motive force applied between the extremities for maintaining the 
current. The distribution of this electric density is similar in all 
cross sections, but its absolute magnitude at corresponding points of 
the cross section varies along the length of the conductor in simple 
proportion to the difference of electric potentials between a and 4’, 
and is zero at one end in the particular case in which the con- 
ductors are connected through zero resistance at one end while 
the electromotive force is applied by an alternate current dynamo 
at the other end. On the other hand, the surface-distribution of 
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Fig. 3. 


6. We shall call À and a’ the cross sectional areas, or groups of 
areas of the two conductors, respectively, of the other. All the 
different portions of a are connected metallically at their two 
ends, and are thus all of them at one potential at one end and 


* The circumstances in which this condition is fulfilled may be 
usefully illustrated by considering the important practical cases 
of submarine cables, and of metallic circuits of two parallel wires 
insulated at a distance anything less than a few hundred times their 
diameter. For all these cases the numeric expressing the electro- 
static capacity per unit length of either conductor (the other sup- 
posed for the moment to be at zero potential) is between 2 and 0:1, 
and for our present rough comparison may be regarded as moderate 
in comparison with unity. On this supposition the condition of 
the test requires for fulfilment that the mean proportional be- 
tween the velocity which expresses in electro-magnetic measure 
the resistance of one of the conductors, and the velocity of a body 
ere | the length of the conductor in a time equal to half the 
period of alternation shall be exceedingly small in comparison 
with the velocity of light. 

+ The case of a single circuit made up of parallel conductors, so 
joined at their ends that to travel once round it we must go and 
come two or three or more times along separate conductors, joined 
by their ends in series, so as to make one circuit, is specially con- 
sidered in my paper on “ Anti-Effective Copper in Parallel or in 
Coiled Conductors for Alternating Currents,” to be communicated 
presently to Section A. 


electric current is uniform throughout the whole length of the 


conductors, and it is only its distribution in different parts of the 


- cross-section that varies as the electric density. 


The proportionality of surface intensity of the current to electric 
density, asserted above, fails clearly in any,case in which the circum- 
stances are such that the distance we must travel along the surface 
to find a sensible difference in electric density is not very great 
in comparison with the thickness of the current-stratum. Such a 
case is represented in fig. 3, which is drawn to scale, for alternate 
currents of period ;;th of a second in round rods of copper of 
6 cms. diameter. The spaces between the outer circular boundaries 
and the inner fine circles, indicate what I have called the mhoic 
thickness,* being ‘714 of a centimetre for copper of resistivity 
1611 square contimetres per second. The full solution for such a 
case as that represented in fig. 3, belongs to the large class of 
cases intermediate between I. and II., and could ale 44 arrived 
at by a kind of transcendent mathematics not hitherto worked. 
But without working it out, it is easy to see how the time-maximum 
intensity of the current will diminish inwards from the surface, 


-and will be, at any point of either of the inner fine circles, about 


4 or 4 of what it is at the nearest point of the boundary surface : 
and that at points in the surface, distant from B B’ by one-half or 
one or two times the mhoic thickness, the current intensity will 
be much smaller than it is at B B’. 

III. In case I. the heat generated per unit of time, per unit of 


* Collected Papers, Vol. III., Art. CII., § 35. 
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volume, in different parts of the conductors, is inversely as the 
electric resistivity of the substance, and directly as the square of 
the total strength of current at any instant. In case II. the time- 
average of the heat generated per unit of time, per unit of area of 
the current stratum, is as the time-average of the square of the 
quantity of current per unit breadth, multiplied = the square 
root of the product of the electric resistivity into the magnetic 
permeability. 

IV. Example of II.—Let the conductor, a, be a thin flat bar, as 
shown in the diagram (fig. 4), a’ being a tube surrounding A, or 
another flat bar like a, or a conductor of any form whatever, pro- 
vided only that its shortest distance from a is a considerable 
multiple of the breadth of a. The thickness of a must be suffi- 


ciently great to satisfy the condition of II., and its breadth must — 


be a large multiple of its thickness. (For copper carrying alter- 
nating currents of frequency 80 periods per second, these condi- 
tions will be practically fulled by a flat bar of 4 cms. thickness, 
and 30 or 40 cms. breadth). The current in it is chiefly confined 
to two stratums extending to small distances inwards from its two 
sides. (For copper and frequency 80 periods per second, the time 
maximum of intensity of the current at the surface will be about 
&, or 7°4, times what it is at a distance 1°43 cms. in from 
the surface. The quantity of current per unit breadth, or 
as we may for brevity call it, the surface-density of the current 
in each stratum, is determined by the well-known solution 
of the problem of finding the surface electric density of an elec- 
trified ellipsoid of. conductive material undisturbed by any 
other electrified body. ‘The case we have to consider is that 
of an ellipsoid whose longest diameter is infinite, medium 
diameter the breadth of our fad conductor, and least diameter in- 
finitely small. In this case the electric density varies inversely 
as /(o B? — oP’). The graphic construction in the drawing 
shows PQ = /(0 8° — and we conclude that the time- 


0 
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maximum of the surface density of the current varies inversely as 
PQ. The infinity which in the electric problem we find for 
electric density of the ideal conductor, is obviated for the electric 
current problem by the proper consideration of the rectangular 
corners, or the rounded edge (as the case may be), of our copper 
bar, which, though excee ingly interesting, is not included in 
the present communication. Suffice it to say, that there will be 
no infinities even if the corners be true mathematical angles. 

V. Examples of cases I. and II. :—Let À consist of three circular 
wires, Cc, L and 1, of copper, lead, and iron respectively. In case I., 
the quantities of the whole current they will carry, and the quan- 


. tities of heat generated per unit of time in them, will be inversely 


as their resistivities. In case II., if the centres of the three 
circular cross-sections form an equilateral triangle, the quantities 
of heat generated in them will be directly as the square roots of 
the resistivities for c and L; and for 1 would be as the square root 
of the product of the resistivity into the magnetic permeability, 
if the magnetic permeability were constant and the viscous or 
frictional resistance to change of magnetism nothing for the 
iron in the actual circumstances. This last supposition is 
probably true, approximately, with a permeability of .4,th for iron 
or steel, according to Lord Rayleigh, if the current is so small 


that the greatest magnetising force acting on the iron is less than 


0‘1 C.G.S. 

VI. The dependence of the total quantity carried, on extent 
of surface, and on the solution of the electrostatic problem 
described in II, justifies Snow Harris, and proves that. those 
who condemned him out of Ohm’s law were wrong, in respect 
to his advising tubes or broad plates for lightning conduc- 
tors, but does not justify him in bringing them down in the 
interior of a ship (even through the powder magazine), 
instead of across the deck and down its sides, or from the 
masts along the rigging and down the. sides to the water. The 
non-dependence of the total quantities of current on the material, 
whether iron or non-magnetic metals, seems quite in accordance 
with Dr. Oliver Lodge’s experiments and doctrines regarding 
‘“ Alternative Path” and lightning conductors. The case of 
alternate currents is, of course, not exactly that of lightning dis- 
charges ; but from it, by Fourier’s methods, we infer main con- 
clusions of II. and V., whether the discharges be oscillatory or 
non-oscillatory, provided only that it be as sudden as we have 
reason to believe lightning discharges are. 


Discussion. 


Prof. RowLanp said that he had considered these alternating 
currents in parallel conductors, and he believed he gave a theorem 
with regard to the distribution in the case of perfect conductors. 
He thought that that was the only case in which the problem 
could be solved. In that case the distribution was exactly the 
same as it would have been if they had been charged with electri- 
city at rest ; and there was some theorem, which he had almost 


forgotten now, with regard to the self-induction and the capacity. 


In that special case the self-inducting capacity. Of course, that 
was a much more limited problem than that Sir William Thomson 
had given, but he thought it led to interesting results. It guided 
them in their ideas with regard to the distribution, because in the 
case of perfect conductors the distribution of the current was 
exactly the same as the distribution of the density in the case of 
conductors at rest, so making the conductivity a little less than 
that; and they were guided to some extent by that theorem. 
He did not know that any solution had ever been obtained in 
the case where the conductors were not perfect, but Sir William 
Thomson, he considered, had found a solution of that nature. 


CORRESPONDENCE. 


| Hysteresis. | 
I have not much to say about this subject, which is 


occupying many of our minds, but I must kindly be — 


allowed to call the attention of those of your readers 
who are interested in the subject to a short but remark- 


able paper by Prof. Ewing in the Philosophical Maga- 


zine for this month ; it is simply charming. 

The manner of expression, and total absence of 
mathematical gas and turnpike roads, which is so often 
apparent in such work, is not only to the advantage of 


many who want the crop, but who cannot, for different 


reasons, follow the plough and harrow; but in other 
respects itis so highly suggestive, and so face-to-face in 
its experimental truth, that its effect upon intelligent 


readers must be more than ordinary ; it is more than 


probable that from it. they will learn more of mag- 
netism than from their past digestion of tons of 
theories. I am glad Prof. Ewing has mentioned his 
line and fields of magnetic needles, and expansible 
base of rubber to shift their centres, the development 
of magnetic swing into “votation,” the lag explana- 
tion, and critical temperatures; but I will not go 
further, but promise everyone one of the finest scien- 
tific treats from a perusal of Prof. Ewing’s latest mag- 
netic contribution. 


September 9th, 1890. 


P.S.—In the same number is an elaborate account all 
about glow-worms, which may also interest many who 
think we get too few light rays from our lamps. 


James C. Richardson. 


Electric Launches. 


Much is often said of the advantages of electric 
launches, and comparisons are drawn between them 
and steam launches, to the great disadvantage of the 
latter. I have no particular partiality to the steam 


launch, and think it often a great nuisance to boating 


men on the Thames, but I am not aware that a great 
drawback to the use of some electric launches has been 
noted, namely, the smell. This, if present, has not been 
noticed by me in connection with the larger launches, 
but there is a small launch which may often be seen 
not 15 miles from London, which is a great sinner in 
this respect. In pulling down stream a few days ago, 
with the wind blowing towards me, I recognised the 
presence of this boat some hundreds of yards before 
reaching her, and remarked npon it to a friend who was 
steering ; he said he could see nothing of her; but 
shortly after, we. passed her towing a boat almost as 
large as herself. This nuisance is, of course, from the 
acid in the cells. I do not know what type is in use, 
but such a boat is a bad advertisement for the electric 
launch business. 


E. R. Dolby. 
September 9th, 1890. à 


The Electric Light in Portsmouth, —The Poris- 


‘mouth Times regards this as inevitable, and says that 


vested interests, referring to the Portsea Island Gas 
Company, must not be allowed to stop the way. 
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ue LIVERPOOL: 36, Dale Str-et. 
Works: ERITH, KENT. Telegrams: “CALLENDER, PICARDY.” Telephone; 8,411. 
UNDERGROUND MAINS | 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID: BITUMEN SYSTEMS. 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric Cables-ARMOURED-Metal Sheathed. 
ABRIAL CABLES. 1888 
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Cheap, E Efficient, Strong, Silent. 
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Telephone 244 « B. VERITY & SONS, 


COYENT 


[September 12, 1890. 


Telegrams: 


GARDEN. 


 HIGH- -CLASS ARTISTIC ELECTRIC FITTINGS 


by 5S. 


CRICHTON Esq. 


(Exhibitor at the Royal Academy, 1887—1888.) 


Valuable Models in Stock of Renaissance, Louis XY., Louis XVI., Girandoles adaptable for the Electric Light. 


SKILLED MODELLERS AND CHASERS EMPLOYED. 
SILVER Ano COPPER FITTINGS, COPPER STANDARDS, COPPER AND GLASS SUSPENSIONS, COPPER CEILING LIGHTS, COPPER BRACKETS. 


METAL WORK FINISHED IN GOLD LACQUER, ORMULU, ELECTRO OR MERCURY GILDING. 


3510 


PHŒNIX FIRE OFFICE, 


LOWEST CURRENT RATES. 
LIBERAL AND PROMPT SETTLEMENTS. 
ASSURED FREE OF ALL LIABILITY. 


LIGHTING RULES (COPYRIGHT), 


16th Supplied. 


W. C. MACDONALD, 
2959 ' F, B. MACDON ALD, ua Joint Secretaries. 


BRASS, GUN METAL, 


CASTINGS 


AND 


INGOTS, 
N PHOSPHOR TIN, 


1830. 


J.&J. HUGHES, 


ALBION METAL WORKS, 
WOODCOCK STREET, 
BIRMINGHAM. 


Telegrams “Bronze,” Birmingham. 


PHOSPHOR BRONZE 


THE BERNSTEIN ELECTRIC LAMP CO, 


(LIMITHD), 


2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, SW. 


OWNERS of the BERNSTEIN SYSTEM of ELECTRIC LIGHTING. 


€@ The lamps of this Company are of low resistance, and 
entirely free from the claims of other companies. 


1120 


WOOD SPLIT PULLEYS 


Are superior in every way to (hose mude of iron. 
Their G Gripping Power is eno: mons, and they are 
40 per cent. lighter than iron or steel. By their 
use from 25 to 60 per cent. more powcr can be trans- 
mitted with the same belt. 
One Pulley will fit 22 sizes of shaft. 
give entire satisinction wherever used. 
fa We ofier to intending purchasers a l’utley un Trial 
My for 30days, and, if unsatisfactory, it can be returned. 
A large stock held for immediate delivery. 
ISAAC BKAITHWAITE & SON, 
Merchants and KENDAL. 


London Agents: 
Pickerings, Ltd. , 1000, ‘queen Victoria St., E.C. 


From ;!; to 50 H.P. 


For Driving 
FANS, PUMPS, 
LAUNCHES, 
ROCK DRILLS, 


PRINTING PRESSES, 
and 
GENERAL MACHINERY. 


COMPLETE PLANT FOR THE TRANS- 
MISSION OF POWER. 


À Illustrated Catalogue 
now ready. 


CUTTRISS & CO, Leeds. 


ROPER 


Used for the last six years with the greatest success. 
GOLD MEDALS 


No Sparking! No Overheating! 


: ILLUSTRATED CATALOGUES AND PRICES ON APPLICATION. 


JOHN & Wm. ROPER, BRADFORD, Yorks. 


“ Electroler, London.” 
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ARE NOW MANUFACTURING SPECIALLY tet TRADE. 


BATTBRSEA | BATTERSEA 
 DYNAMOS. : MOTORS. 
60 Lights, £50 | FLECTRIC LIGHT POWER | A RP. £50. 
100, | à BATTERSEA FOUNDRY 
160, £100 TT LONDON SW. 61 
200 , E180 | M APPARATUS | 16 RAP, £125 


8121 
For Catalogue and Particulars apply 0 Tate NIANAGER, BATTERSEA FOUNDRY, S.w. 


CRANES FOR CENTRAL 


RECENT IMPROVEMENTS. | 
R. BOLTON & CO., Engineers, 110, Leadenhall Street, LONDON, E. C. 


JOSEPE BOURNE & SON, 


MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JARS. 


For Thirty years these manufactures have been celebrated for a high degree of vitrefaction combined with great an and strength. 


Brown Stoneware. White Stoneware. Brown, Porcelain. Porous C 
Hconomy Strength and combined. rise Medal, Paris Rehibition. 


Special Shapes for Telephone and noie "Lighting Wires. 


| Works: DENBY POTTERY, NEAR DERBY 
Léndon Office: NEW ST. PANCRAS STATION EUSTON ROAD, NW. 


RAMSDEN, CAMM & CO. 


BRIGHOUSE. YOREKSHIRE, 
Bron and Steel Wire Drawers and Galvanizers. 


MANUFACTURERS OF 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 


R&Ce  Contraetors to H.M. Postmaster-General, the Indian and Colonial Governments and leading Railway Companies — 
B. LONDON OFFICE: 72. KING WILLIAM STREET. E.C. 


 COX-WALKERS 
SELF-PROTECTED | 


ELECTRIC BELLS. 


3 inches to Der panes diameter, 


ELECTRIC WIRE CASINGS. 


_ Telephone 
No. 3188. 


List of sections, Prices and Discounts in ali Woods free, — 


Mahogany and Timber Importers, Importers of School Board Flooring locks, Figured 
Wainscot Floorings, and Mannfacturers of Iligh-Class Mouldings in all wouds, 


Head Office: 214, PAVILION ROAD, SLOANE SQUARE, 8.W. 
Saw Mills: Stanley Bridge Wharf, King’s Road, CHELSEA, 
Branch Yard: 65a, Poland Street, Oxford Street, W. 


THE MIDLAND ELECTRIC WIRE Co, 


LEICESTER. 


2871 


25752 


\ 


| 


UNMOUNTED. 


MOUNTED OR 


MANUFACTURERS OF 


COVERED WIRES OF ALL DESCRIPTIONS 


FOR BELL AND HOUSE WORK. 

DYNAMO MACHINES, TELEPHONES, &c., &c. 
Fancy Covered and Braided Cables and Wires. 
ELECTRIC LIGHT LEADS 
SILK AND COTTON COVERED WIRES. ‘s 


to be 
THE BEST. 


_cox- WALKERS 


N.E. ELECTRIC WORKS, DARLINGTON. 


EDINBURGH BRANCH: 
9, W. REGISTER STREET. 
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AS MANUFACTURED 


THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW, 


SPEED INDICATOR 


FOR USE WITH 


Electrical Installations and with General Machinery. 


[September 12, 1890. 


AND 
BY US FOR ALSO FOR MOST 
THE OF THE 
‘BRITISH ADMIRALTY CHIEF ELECTRICAL 
FOR ENGINEERS 
WAR VESSELS. HERE AND ABROAD. 


SOLE MAKERS, Diameter of Dial, 8 in. ; pam of Pulley, 4 in, 


Price £8. 3070 


BAILEY & CO. LTD." MANCHESTER. 


ROBEY & CO.S 
Electric Engines 


TT 


COUPLED COMPOUND HORIZONTAL. FIXED ENGINE. F pe: WITH 
PATENT THIP GEAR, 


HIGH: “SPEED ENGINE (BOTH. VERTICAL AND HORIZONTAL 
DYNAMO. 


ES 


GLOBE WORKS, LINCOLN. 


xiv 
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J. GG. S'TAT TER 


ALLIANCE ENGINEERING WORKS WEST DRAYTON NEAR LONDON. 
London Office: PRINCE’S MANSIONS, 68, VIOTORIA ST. WESTMINSTER. 
66 ALLIANCE’? DYNAMOS AND MOTORS for all purposes. All sizge ready for immediate delivery. Made by special machinery in the best manner possible and 


THE STATTER PATENT CONSTANT CURRENT DYNAMO has a higher commercial efficiency than any other, either English or American. 


SPECIAL AUTOMATIC BNGINES and DYNAMOS for SEXIP LIGHTING 
Everything Electrical. Write for Lists. Note to Contractors.—Messrs, Statter do not tender for wiring jobs, Telegrams: “Statter Wea Drayton.” 1931 


| Sheets, Rods, Tubes, Cells, &c., for Electrical Purposes, 
| THE NORTH BRITISH RUBBER CO., LIMITED, 
Edinburgh; London, 57, Moorgate St.; Manchester, 6, Charlotte St. 
Liverpool, 9, Lord Street; Glasgow, 106, Buchanan St. ; 
| § Newcastle-on-Tyne, 39, St.; Leeds, 65 & 66, Briggate. guy 


NEWCASTLE-ON-TYNE, 
Glectrical and General 


TYNE DYNAMOS, 


TYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


Complete Installations erected by experienced men at 
home and abro 


_ SPECIAL TERMS TO THE TRADE. 
Complete Catalogue on application. | 
Offices: Telegraphic Addresses: 

LONDON : 110, Leadenhall St-ee “ Boltonite,” London. 


MANCHESTER : 24, Victoria Daiidin nga. “ Ampère,” Ma nchester. 
Lancaster Yard, Cloth Hall St. “Dynamo, 


LASGOW : 53, Waterlno Street. Roots,’ Glasgow 
NEWCAST TLEON-TYNE : (l'se Works, Newe istle-on- 
JOHANNESBURG SOUTH AFRICA. | “Muthause,” Johannes- 

burg. 3311 


MARSHALL, SONS Co. 


Highest Award MELBOURNE INTERNATIONAL Sait 1889._First Prize and Special Mention for Excellence for — 
First Prize and Special Mention for Excellence for Thrashing Machinery. 


BRITANNIA IRON WORKS, GAINSBOROUGH. 


London Offices, Show Rooms & Stores:—MARSHALL’S BUILDINGS, 79, FARRINGDON Rd., E.C. 


ENGINES SOLD 


= 


MAR 
22! 


+ 
— 


ease 7 
Portable and Semi-Portable Engines, with Underneath Engines, Simple and Compound, for Extreme js : 
Automatic Expansion Gear. Economy in Fuel, Vertical Saine and ere 


em M. S. & CO. KEEP A LARGE STOCK OF ENGINES: &o. OF ALL SIZES AT THEIR LONDON DEPOT FOR IMMEDIATE DELIVERY On SALE OR HIRE. 
INSPECTION INVITED. 


| 


Vertical 
=) for Ship Light- 
= ing and Small 
dixed Engines, 3 to 19 HP. .P. for Cornish or Loco- Installations. . Fixed with Disc rank, Single 12 to 35 H.P., 
Telegrams for Works: | Telegra London Ot: 
Marthatls, Gasnsboro’ J New Catalogues, with Current Prices, free on apolication. London.” 2060 
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SHEETING. 


The above, which can only be obtained from this house, is 
recognised as the Most Efficient and Economical Jointing 
Material in use. It is composed of a specially-prepared 
India-rubber Compound, protected by a covering of Yul- 
canised Asbestos Sheeting, as shown above, and as it 
is the only Jointing Material which adequately 
combines PERMANENT ELASTICITY WITH 
HEAT RESISTANCE, the advantages it 
possesses will at once be seen. 


DEPOTS 


MANCHESTER: Cable Street, 
| _ Blackfriars, 
LIVERPOOL : 2, Strand St., James St. 
BELFAST, DUBLIN, ANTWERP, BERLIN, 


INOIA=RUBBER - COMPOUND 


SECTION OF SHEETING 


TO J SECTION OF SHEETING. 
4 | 
# 


PATENT 


ASBESTOS 


EXPANSION 


‘Wade from 4-Ply for Cylinder and Faced Joints to any thickness for uneven surfaces, 


| 


The Centre from which the requisite elasticity is obtained 


will adapt itself to uneven surfaces to which it may be ap- 
plied, and allow the expansion and contraction to be fully 


a protection to the centre and so prolongs its elas- 
ticity. For Manhole, Mudhole, Steam Pipe, 
and Mash Tun Door Joints it is unequalled, 
and if applied as directed a ring can be 
used many times over. 


taken up. The covering being of Asbestos Cloth, imparts. - 


DEPOTS: 

HULL : Humber Dock Basin, 
GLASGOW : 35, Robertson Street, 
AMSTERDAM : 264, N. Z, Voorburgwal. 
BARCELONA, TRILSTE, LISBON & GENOA. 


AGENTS.— BIRMINGHAM—BELL & Co., 7, John Bright Street, CARDIFF : BELL & Co., West Bute Street, 


BELL'S ASBESTOS 


BOILER PRESERVATIVE 


Will effectually keep Boilers clean and re- 
move any Incrustation, without injury 
to the Boiler Plates or Fittings. 


BELL'S ASBESTOS 


YARN & SOAPSTONE PACKING 


_ Is the BEST LOCUMOTIVE PACKING made, 


BELL’S ASBESTOS. 


Will reduce 
loss by radi- 
ation, and 
saves 40 per . 


cent. of fuel. : 


NON-CONDUCTING COMPOSITION. 


COMPOUND HYDRAULIC PACKING 


If SPECIALLY SUITED FOR 
HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA 


Is sent out 


dry in bags 
4 SZ ZA out wet. 


i Any customer recelving 
Oil sold as Bell’s Asbestos ; 
Lubricant, & Cask, Drum, 


or Corks not marked as 


urbe bed us ubuve, 


Every Cusk is sent ui a8 above. 


= 


All Corks ure seuled us nbuve. 
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ASBESTOLINE. 


ame REGISTERED. 
| 
4 AVANTAGES OF ASBESTOLINE. 


Dites A ASBESTOLINE is the most efficient Lubricant fur all bearings. 
ASBESTOLINE is the cheapest ‘Lubricant. 
== i ASBESTOLINE saves from 50 to 90 per cent. of the Cost of Oil. 
=| ASBESTOLINE is the Cleanest Lubricant. | 
i) ASBESTOLINE is favoured by Insurance Companies. 

ASBESTOLINE is the most Inodorous Lubricant. 

| ASBESTOLINE is the safest Lubricant, its flashing point being 700 F. 
7 ASBESTOLINE has beaten all other Lubricants in making trials. 

MA ASBESTOLINE is applicable in and out doors in every climate. . 

Au above. ASBESTOLINE — no special application. BELL’ s ‘ASBESTOS. 


CONSISTENCY OF ASBESTOLINE. 


» 


ASBESTOLINE, to meet all circumstances, is made in four | ASBESTOLINE C. is for use in tro sa climates, both ashore _ 
degrees.of consistency, A, B, C, and CC. and afloat. It is also invaluable in works in this country 
ASBESTOLINE A, is specially adapted to ordinary Land when the temperature is high. 
Engines and Machinery, in and out-door, in this country. | aSRESTOLINE CC, is designed for use on calenders, paper 
ASBESTOLINE. Bi, a little more solid, is for use on Steamships machines, &c., ’where t e bearings are heated by .steam 
in temperate ‘climates, also on land when it is desirable to « ee through, and sctsethaien is advantageously used 
have Lubricant stiffer than A. of C.. 


The reputation of Asbestoline as a lubricant of the highest efficiency in every kind of machinery is established, and it has never been equalled by any ether lubricant 
in the numerous cases of special difficulty in which the best oils are ineffectual. This reputation is growing daily, because it is based on the experience of 
thousands of users under the severest circumstances any lubricant has ever been subjecte1 to, and not on mere laboratory tests and professional analysis 
of insignificant quantities. It is used with marked success in Steel and Iron Works, Collieries, Cotton and Wool Mills, and other Textile Manufactories. In Corn Mills it 
has proved invaluable on the roller and other modern machines. In Saw Million Machines going up to 5,900 revolutions per minute, its work has never been appr oached 
by any other lnbricant. On Electric Lighting Machinery, and ia Stexmships of all sizes throughout the world, the success of Asbestoline is unequalled. Muny engines and 

machines of all descriptions give trouble and show bad results, both in working and wear, when the scream of lubrication has not received due consideration. Engineering 
firms of the highest standing have given to it their powerful testimony and si iy . 


SUPPLIED IN KEGS, 28 lbs., 56 lbs, or 112 Ibs. | 


SPECIAL TERMS FOR LARGE QUANTITIES. 


iW PORTANT TO EXPORT MERCHANTS.—One Pound of “ Asbestoline ” equals 2 gallons of Oil weighing 18 Ibs. 
consequently the sitions in ti is very considerable. Liberal Terms are conceded to Export Merchants. 


BELL ~ ASBESTOS 
PACKIN 
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SQUARE, ROUND. 


Every 10 feet has label as above, and bears our Trade Mark. 


Under this registered title are studied the inventions of Mr. Field, and experience has proved them to be 
THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute such a 
combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they | 
are therefore UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being universally used by | 
most of the leading Steamship Companies throughout the world for ordinary Compound, Triple, and Quadruple | 
Expansion Engines of the latest type. These Packings are composed of Rolled Asbestos Cloth, but the lndia- 
rubber is placed in two-forms to suit various cases. 


In state whether ‘ene. or round required. =A 


SOUTHWARK, LONDON, S | 
DEPOTS :— MANCHESTER : Cable Street, Blackfriars. LIVERPOOL : 2, Strand St., James St. HULL: Humber Dock Basin. 
GLASGOW: 35, Robertson St. DUBLIN, BELFAST, ANTWERP, BERLIN, BARCELONA, TRIESTE, LISBON, & GENOA. 
No. 264, N° Z. VOORBURGWAL, AMSTERDAM. 


AGENTS: — BALL & C)., 7, Bright CARDIFF: BELL a C0, West Sire 
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Serem Banufacturers, 
24, CHARLES ST. HATTON GARDEN, 


LONDON, E.C.. 


(20 ! 
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£=AWARDED 
For Excellency of Manufactures, 


PARIS INTERNATIONAL EXHIBITION, 1889. 
BRITISH:ASSOCIATION STANDARD THREADS. 


ALL THESE GOODS ARE SHOWN IN FULL SIZE AND KEPT IN STOCK. | 
293 294 295 296 297 298 303 304 305 306 307 308 313 34 315 316 317 318 319 320 34 


-N°9 


R 
334 339 340 34 342 343 341 
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soe eS _THESE SCREWS ARE CUT FROM SOLID STRAIGHT DRAWN METAL BY OUR PATENT AUTOMATIC MACHINERY. 399) 
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| LIMITED, 
| EANU | 
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| 378 379 380 38) 382 383 384 385 386 
391 392 393 394 395 396 397 398 399 | 
| 404 _ 405 406 407 408 409 410 All Ale : 
| 417 AI 419 40 . A2I A22 483 44 485 
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PATERSON 


the 


Examination for the OF THB Scuoon is conducted by an 


ne OÙ RNAL 


MEASURING INSTRUMENT 


ORIGINAL MAKERS OF THE 


CARDEW VOLTMETER, 


Read Prof. WEBER'S Report. 


«in the laboratories for alternating ‘work of the 
Flectrotechnical part in the new Physical Institute of the 
Federal Polytechnical School at Zurich, I use. twelve 
Cardew voltmeters of MM. Paterson & Cooper to measure | ee A : 
potential differences between 20 and 4 ,250 volts. ammeter, all 
“After receiving these twelve voltmeters I have wind very numerous 

and exact measurements to get the differences between the indipations of où a 
these voltmeters and the true values of the potential differences. ot 
+ “The results of ALL these measurements were VERY SATISFYING, | 


— 


« April, 1800 HF. WEBER.” 
“SPECIAL TERMS TO LARGE BUYERS | | 


‘PATERSON & COOPER, 
_POWHALL | ROAD, DALSTON, NE. 
“SILVER MEDAL INTERNATIONAL “ELECTRIC. "EXHIBITION, 1882. 


"MANUFACTURERS OF CABLES, WIRES, &¢, TO ANY SPECIFICATION. | 


FANOY BRAIDED WIRES OF EVERY DESORIPTION. 
ax COVERED WIRES FOR MACHINES, ‘MAGNETS, &e., un 


L 


| 


"THE SCHOOL OF SUBMARINE “TELEGRAPHY al 
ELECTRICAL 


ESTABLISHED IN 1868. 


12 PRINCES STREET, HANOVER | SOUARE, LONDON, W.. 

‘CARPENTER, ‘BA, FOS. | | 
Secretary :—LEON.. DRUGMAN, ASTE. 
Senior: Instructor:—CHAS. CAPITO, MLME, MSTE. ond E. 


_muconnected. with. the. School. New. Cources usually commence sarly-in January, May, and 
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INSTRUMENTS. Moree” Inkers, 


\ 


4 
21 


Offices 106 100, CANNON STREET, LONDON, 
Bilvertown, Essex; — -Beaumont, France. _ 


TELEGRAPH ENGINEERS AND MANUFACTORERS 


Resistance Coils, Sir 


the Post Office and 
y pre-eminent. ‘AD 


RE kinds of Batteries also 
BANAT BLOCE STORALLING. 
"SEMAPHORE REPEATERS, LIGHT ” INDICATORS, AND WALKER'S “ PASSENGER AND QUARD 


TÉLEGRAPEH STORES AND APPARATUS OF ŒVERY DESORIPTION. 


TORPEDO “APPARATUS. 


INDIA-RUBBER, GUTTA-PERCHA, AND THLEGRAPH WORKS COMPANY ( Limated) are 
Patentess and M ofa Complete Sytem of Borpedon for Hartowr ond Defence, | 


_BILVBRTOWN PATENT FIRING BATTERY. 
donstänt Battery for Mining sud Blasting Purposes. 
ENTERED into for the SUPPLY, CONSTRUCTION, and MAINTENANCE of TELEGRAPH LINES. 


 MANUFAOTURERS OF 


VULCANISED INDIA RUBBER. 


1 VALVES SHEET, BUFFERS, SPRINGS WASHERS WHEEL TYRES CORD TUBING, AND DOOR AND CARRIAGE 5 MATS. 
| INDIA RUBBER AND CANVAS BUOTION AND DELIVERY HOSE. 


INDIA ‘RUBBER and CANVAS STEAM PAOKING — ROUND, SQUARE, and SHEET. | 


RUBBER. MACHINE DRIVING BANDS. 


| WATERPROOF GARMENTS AND FABRICS: 


ore 


© 


| 


ESSEX, LONDON, E.; | PERSAN BEAUMONT, FRANOE. 


Pi 


Works: “SILVERTOWR, 
London Office—106, CANNON STREET, &. sash 


Warehouse—100, CANNON STREET, 
BRANCH WAREHOUSES | 
| : Barston | 


3 
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SELF- BINDERS 


THE “ ELECTRICAL REVIEW.” 


Tus Self-Binder, or Reading Case, is intended to hold Exzcrnica, 
Esviews of any number until the half-yearly volume is com- 
_ pleted and ready for permanent binding, the width of the 
back being widened or contracted by sliding the back cover in 
or out as desired. 
To be obtained at the EvaorarcaL Review office, 22, Pater 
noster Row, London. 


_ Price 6s., Post Free (in Great Britain) 6s. 64. 


Cheques and Money Orders to be made payable to H. ALABasTmR 
the latter ou Chief Office, London. 


THE 


INDIA RUBBER GUTTA PERCHA, & TELEGRAPH WORKS 


COMPANY, LIMITED, 


Offices: 106, CANNON STREET, LONDON, EC. 


‘MANUFACTURERS OF 


DYNAMO MACHINES, 
INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


Lamp Fittings, Switches and Testing Apparatus, Volt and Ampere Meters. 
-GONTRACTORS FOR THE SUPPLY AND FITTING UP OF 


ELECTRIC LIGHT APPARATUS 


EVERY DESORIPTION. 


INSTALLATIONS FOR sie STATIONS, SHIPS, HOUSES, OR © FACTORIES. 


ESTIMATHS ON. APPLICATION : 


Works: SILVERTOWN, LONDON, E. - 


THE 


ANCHOR WORKS, PLAYHOUSE YARD, GOLDEN LANE, LONDON E.C. 
Manufaciirers of 


COVERED WIRES & CABLES | 


OF ALL DESCRIPTIONS 


FOR ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, 


BELL AND THLAPHOND WORK, 
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ELECTRO-PLATING DYNAMOS rire 
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. PRICE, TALBOT & CO. Ltd. 


26, LUDGATE HILL, LONDON, E.C., 


ELECTRICAL ENGINEERS, PNEUMATIC AND ELECTRIC BELL FITTERS AND MAKERS 
TO HER MAJESTYS OFFICE OF WORKS. 


Sole Agents and Manufacturers of McClellan’s Patent Continuous Action Bells and Relays. 
CATALOGUES AND ESTIMATES FREE. : ~ 3681 


GLOVE AND GAITER LEATHER 


DRESSERS, LEATHER AND 


WOOL MERCHANTS. 
For Nickel and Silver Plating, Brassing, Electro-typing, &c., BUCKETS 


as used by all the principal Platers in London. AND HOSE. 
PRICES FROM &6. Numerous Testimonials. 12 FIRST-CLASS 
VATS, ANODES, AND C COMPLETE OUTFITS. | . MEDALS AWARDED. 


3764 


CARL OPPBRMARN, Sig Ri, Hackney, KE, | Combe Tannery, Stowndstet 


Price Lists and Terms on Application. 


PP. 
MAGNETO WORKS, SHEFFIELD. 


SPECIALITIES of STEEL and STEEL WIRE adapted to the INSTRUMENT and ELECTRICAL TRADES 


MAGNET STEEL of the highest efficiency. 
SWEDISH IRON, ABSOLUTELY PURE AND DIAMAGNETIC. 
_ TOOL STEELS—ALL DESCRIPTIONS. | 
Le ROLLED STEEL in all dimensions. COLD ROLLED STEEL tempered and polished in strips. 
SPRINGS, HELICAL, SPIRAL, OR TO PATTERNS. 


Best Round Steel Wire Polished in _— or Coils, all gauges. Tempered Wire, Polished and Plated, Music Wire, 
| Qualities for Springs, &c. 


COMPOUND ENCINE. 


Simple, Economical, Durable. 


STANDARD ENGINE. STANDARD ENGINE. 


| n 
= 
will | = 
< 
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DIRECT CONNECTED ENGINE AND DYNAMO. — 


JOHN MUSGRAVE & SONS, 


LIMITED, 
GLOBE IRON WORKS, BOLTON. 


STANDARD ENGINE. S. & E. RANSOME & CO., 10, Essex St., Strand, W.C. STANDARD ENGINE. 


MOTORS, DYNAMOS, AMPEREMETERS, VOLTMETERS, and all APPARATUS connected with ELECTRIC LIGHTING SUPPLIED ON SHORTEST NOTICE. 
| SONT 
Manufactarers 
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THE PAISTE SWITCH, 
oo. 100, OOO in aaily use. 


The movement breaks and completes 
the circuit in an instantaneous manner, 
preventing arcing or charring of the con- 
tact parts. Mounted on China, with cover 
and handle of same material; also on 
Porcelain, with metal cover. Correspon- 
dence invited. 


À À À À À À 


THE PAISTE SWITCH, 
| A. REYROLLE, 
10, UNION MEWS, UNION STREET, MIDDLESEX 
HOSPITAL, LONDON, W. 3866 


UNBEAM LAMP 


LIMITHD, 


GATESHEAD-ON 
ane? INFRINGE No 


SILVER MEDAL, 
PARIS EXHIBITION, 
1889. 


SILVER MEDAL, 


Newcastle Exhibition, 
1887. 


PRICES AND PARTIGULARS 
ON APPLICATION. 


SOLE MAKERS OF 
“SUNBEAM” 


| 
INCANDESCENT LAMPS Tolyraphie Addrenes: 
“SUNBEAM, GATESHEAD.” 
121, FENCHURCH ST, EC, 200 P. — 2,000 C.P “ CYCLOPS, LONDON.” 
8123 


ELECTRIC LIGHT ENGINES, 


Over 150 Installations, | 


INCLUDING 


STEAM SHIPS, WAR VESSELS, FACTORIES, MANSIONS, 
AND CENTRAL STATIONS, . | 
. HAVE BEEN ENGINED BY | 


BROWETT, LINDLEY & CO., 
MANCHESTER. 


— Patentees and Sole Makers of the ACME GOVERNOR. Hundreds are i 
| use for Electric Light Engines. Send for Lists. 3785 | 


VERTICAL COMPOUND HIGH-SPEED ENGINE, C. S. TYPE. 


* From 20 to 300 LEP. 
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THE 


THOMSON-HOUSTON 


ts 


ALTERNATING CURRENT ELECTRIC ‘LIGHTING APPARATUS, 


The Instalment of over 150 Central Station Plants has demonstrated the Alteraating ‘Transformer System to be Superior to all 
others for _ current from a Central Station over small or large areas for lighting a and power purposes. 


| %, | | 
| MODEL GENTRAL STATION 
ELECTRICAL STORES ar 


OF EVERY DESCRIPTION. 


Okonite Wire 


ROYAL # MILITARY 


wis: 


1000 MEGOHMS PER MILE. | LIGHTED THROUGHOUT 


ON THE 


‘THOMSON-HOUSTON SYSTEM 


THE 


LIMITED, 
S2a, NEW BOND STREET, LONDON, W. 


L 4 
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on 


RONALD 


CONTRACTOR TO THE LORDS OF THE ADMIRALTY, 
INDIAN GOVERNMENT, &e., 


ACTON HILL ELECTRICAL WORKS, LONDON, 


DYNAMOS, MOTORS, ARC LAMPS. 

SEARCH LIGHT BEPRRRTUR of every description. 
SWITCHES. 

CUT-OUTS—ORDINARY, MAGNETIC. 

SCOTTS PATENT SWITCHBOARDS. 


Works is the only Establishment in the Kingdom where Projectors of three sizes, fitted complete 
-with lamp and mirror, can be obtained from stock. | 


up Complete Installations with indepen- 
dent plant, consisting of Engines, Boilers, 
Accumulators, &c. 


Is drawn to the facility for supplying electrical plant 

at short notice, and of perfect workmanship. Owing 

. to the possession of the most modern machinery and 

appliances and a trained staff urgent work can have the 
best attention. 


ELECTRICAL CONTRACTORS AND CON- 
SULTING ENGINEERS are invited to send particulars 
of Specifications and Specialities required. Dynamos, 
Motors, and Electrical Apparatus built to Inventors’ 
own instructions. _ 


operating every evening. 


” PA LAMPHOLDERS. | 
” MIRRORS FOR PROTECTORS — 
| Unequalled. 


NOTE.—Any of the above to be seen in stock at the Works, or in course of construction. The Acton Hill 


For Wiring, Laying of Mains, or Fitting | 


DON'T FORGET to inspect exhibit at the 
‘Edinburgh Exhibition. Search Light Plant 


SAS AAS SANS AAS 
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RUBBER 
CABLES 


INSULATION 


ann QUALITY. 


WARRINGTON. 


44, QUEEN VICTORIA STREET, LONDON. E.C. 
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NTERNATIONAL 


Sole Depot of MIX & GENEST, Ltd, 
LONDON ze. 


34, ALDERMANBURY, 
NDICATORS. 


 ONDUCTORS 


| (LIGHTNING). 
LECTRIC BELLS. ARBONS. 
NDICATOR MOVEMENTS. , SWITCHES. OMPLETE 


NDUCTION COILS. 
NSULATING MATERIAL. 


NSTRUMENTS 
(TELEGRAPH and MEASURING). 


BLECTRICAL ENGINEERS & CONTRACTORS, 


MANUFACTURERS OF THE 


“PREECE” 


ARC LAMPS, SWITCHES, &c. 


À ca | à Estimates and Specifications prepared free of charge on application. 


à BOROUGE MILLS, MANCHESTER ROAD, 


BRADFORD. 3826 


Material for Tele- 
phone Installation. 
ONTACT 
PUSHES 


BATTERIES. 
» “ALARMS. 
LECTRICITY 


METERS. 


= 


Chas. CHURCHILL & CO., Ltd., 


21, CROSS STREET, FINSBURY, LONDON, E.C., 
Engineers and Importers of 


AMERICAN TOOLS AND MACHINERY. 


* LARGE SHOW ROOMS. 
é 3 | | The Largest Stock of 


AMERICAN MACHINERY AND TOOLS 
LS 


g?NEW CATALOGUE, 180 PAGES, 
Sent for 1s. 3610 


18 


SPEED INDICATORS. 


AUSTIN: S 


RE 


Specially constructed for practical working. First-class workmanship and 
. cinteriala ials. El lectrically and mechanically perfect. For Lighting, 
| Plating, Transmission of Power, &c., &c. 


Size, No. 4. No. No.3. No.4. No.5. No. 6 
Output in Watts- - 50 100 200 400 700 1,000 
Per Cent. Efficiency 75 78 80 84 88 92 


LONDON AGENTS: 


Messrs. PATERSON & COOPER, Pownall RQ, DALSTON, NE. 


PRICE LIST AND PARTICULARS ON APPLICATION. 


IN, Hleciical Works, ARMLEY, LEEDS... 


| 
Y. 
ee 
| == 
li 
| 
| | | 
| 
‘ j > 4 | 
SCREW PITCH GAUGE. | 
i 
tas 
i 
| mS 
SS 
> RS | 
| ZE | 
| 
| 
EE 4 | 
À 1 2 ZM 
er: | 
a 
> 


Vil TE TELEGRAPHIC JOURNAL AND ELECTRICAL, REVIEW SUPPLEMENT. (September 42, 1890, 


TELEPHONES 


For ee to > ports of the World. 


AND MAINTENANCE CO, Ltd, 


Of No. 109, FARRINGDON ROAD, 
LONDON, E.C, are the SOLE LICENSED 
MANUFACTURERS OF TELEPHONES 
for Export and for use in the United King- 
dom, under LICENSE granted to the Com- 
pany by the UNITED TELEPHONE CO. 
of London (now the NATIONAL TELE- 
PHONE CoO.) 

NO TELEPHONES can be manufactured . 
by any person or Company (other than 
the CONSOLIDATED TELEPHONE CO.) 
in the United Kingdom, and the said Com- 
pany offer a substantial reward for suffi- 
cient evidence as will enable proceedings to Mim 
| be taken against infringers of these rights. [ig 


= CATALOGUES AND PRICE LISTS ARE TO BE 
HAD FREE ON APPLICATION. 


THE ConsoLipATED TELEPHONE Co.il 
are prepared to supply the celebrated 
_ F SIMPLEx Arc Lamp, which burns with} 

| great brilliancy and steadiness in parallel 
circuits. 
Sizes from ampères upwards. 


SINGLE LAMP COMPLETE, WITH 
GLOBE (large and small size) from 90s. 


Awarded the GOLD MEDAL of the Society of Arts, in Competition, 1889, 


UNEQUALLED FOR DRIVING ELECTRIC LIGHT MACHINERY. 


Sizes from 1 to 150 Indicated Horse Power in ONE Cylinder only. Also SPECIAL 
DOUBLE Cylinder Type up to 300 Horse-Power, 
SIMPLE, 


9 Sh. ; 
= LL = {| = 


NUMEROUS HIGH CLASS a 
TESTIMONIALS. 


WORK EQUALLY WELL WITH "+ 


COAL, OIL, OR WATER GAS. | 
SOLE MAKERS: | 


DICK KERR & CO., Limited, London, Bristol, and Glasgow. 
LONDON SHOWROOM: —16, Queen Victoria Street, E.C. 


3939 Works :—KIiLMARNOCKH. 


THE CONSOLIDATED TELEPHONE CONSTRUCTION | 
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TELEPHONE, No. 3120. | ‘ . Telegraph Address: “SECOHM, LONDON. 


NALDER 


MANUFAQTURERS OF EVERY DESCRIPTION: OF! 


INSTRUMENTS. 


Sole Makers of Profs 
AYRTON & PERRY'S SECOHMMETER 


VARIABLE STAN DAP DS ‘OF SELF. INDUCTION. 


Descriptive Pamphlet with 

Diagrams and Illustrated 
Catalogue forwarded on 
application. 


ENG,  MENDHAN co., 


a, WIMSHURST INFLUENCE ELECTRICAL MACHINES 


Of New and Improved Pattern, with and without = KL. double or ge pd à plates. Acknowledged to be the best finished 


Electric Bells and Indicators, Lighting Burners, M. B. Patent Pocket Galvanometers 
Deprez-D’Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 
Sounders of special pattern, Lightning Conductors supplied and erected, and thorough efficiency guaranteed. 

NEW PRICE LIST, POST FREE, 4. Telegraphic Address: “KINGHAM BRISTOL.” 3061 
Specially Compiled List of Electrical Publications, Post Free 2d. . 


4 


THE BABCOCK & WILCOX co. 


PATENT 


TUBE STEAM BOILER 


Specially adapted and generally used for 


ELECTRIC LIGHTING PURPOSES, 


Because of their Great Economy in Fuel, Safety from Explo- 
bg Durability; but principally their Entire Reliability. 
e Edison Company have nn ques « of 10,000 H.P. of these boilexs in all 


Galle € e o- "Tlluminazio ve had 
400 HP They may ain 


considerable riod, some i ° be seen, at work 
~ the’ installation of th per l’Uluminazione Elettrica, Palermo, Sicily, &e., 
&c. The Imperial Con Senate Des deneaiatie n, Vienna, is having an im: 
pis 4 of these boilers in connection with the lighting of the Grand 


ers to their preference over others, ensured 
increasing trade of the Company. 


A VALUABLE BOOK ON STEAM FREE ON APPLICATION. 


European Works: KILBOWIE, near GLASGOW.. 

Head Office for Europe: 21, Bothwell St., GLASGOW. 
- London Office: 114, NEWGATE STREET, E.C. 

Manchester Oflcs: œ | DEANSGATE. Paris es 20, BOULEVARD VOLTAIRE. Brussels: 44, PLACE DE BROUCKERE, BRUSSELS. 


FOR AUSTRALIA AND NEW ZEALAND, ADDRESS— 
THE BABCOCK & WILCOX CO. 280, Sussex Street, SYDNEY, N.S. W. 
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Telegrams: TELEPHONE 

“ELECTRICITY,” LONDON, . | 

“INDUCTION,” MANCHESTER. | Me. 1887. 


Op. «LIMITED, } 
Lo 


CONDON. | MANCHESTER WORKS. 
Head Office & : Works :— 
71, QUEEN VICTORIA ST., 45, Chapel St., SALFORD. 


MANCHE STER. 
And at 7 Bothwell Street, GLASGOW. 


4 


(Manufacturea under Licence from the Edison-Swan Co.) 


THE EDISON “UNIVERSAL” LAMPHOLDERS. 


# PRICES 


-+2072 : | 


2071 


List No. 


2,061 


2,078 


Price. ., Price for Export only. 
Acorn Socket, to fit 5” or !” screws, 10 per cent. 
with or without Shade Carrier... 2 - : 
Acorn Socket do. do. less, being 
with Ebonite Cotd Grip .. ves 23 amount 
Key Socket, to fit or }” Screws, | 
with or without Shade Carrier .. a paid for 
Dow Royalty in 
with Ebonite Cord Grip... _... 4 3 
Porcelain Rings only  .. 24. this Country. 


week. 


| ALL ELECTRICAL 


This is the first of a series of Advertise- 
ments, each representing a sheet of our new 
Catalogue, and which will be inserted every 


SUPPLIES, 
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DYNAMOS 


SLOW SPEED EF FICIENCY 


LAN 


BEST WORKMANSHIP 


J. H. HOLMES Co. 


NEWCASTLE-ON- TYNE | 
Coleman Street ] 


ONDON. E.C. 


TELKPHONB: 1488, 


WHEATLEY KIRK, 


1850), 
ELECTRICAL | AUCTIONEERS, VALUERS 


ARBITR ATO 


KAMS: * LNDIOES,” LONDON. 


, QUEEN ‘VICTORIA STREET, “LONDON, EC. 


And Albert Square, MANCHESTER. 


THE ELECTRIC & GENERAL INVESTMENT (0, 


LIMITED, 
Offices :—1 & 2, Great Wincuzster Stezet, Lonpon, E.C. 


His Grace the DUKE OF MARLBOROUGH, Chairman. 


The Company has been formed FOR THE PURPOSE OF 
FACILITATING THE PROMOTION AND DEVELOPMENT 
OF UNDERTAKINGS for Electric Lighting, Traction, Trans- 
mission of Power, and other industrial uses of electricity. 

Communications may be addressed to— 

J. CECIL BULL, 
3827 ge Secretary. 


CORPORATION OF DUBLIN. 


Tenders Required for Lighting Portion of the City 


of Dublin with Electric Light. 


HE CORPORATION OF DUBLIN will, on or before 5 o’clock 
p.m. on Monday, the 13th day of October next, receive 
tenders from competent persons for the lighting with electric light 
of streets in the City of Dublin. 
The parties tendering shall be bound to build station, supply, 
erect, and fix all the necessary plant, machinery, engines, boilers, 
dynamos, conductors, pillars, &c 


- Specification, form of tender, and ground plan of site and 


streets proposed to be lighted, can be had at the office of Mr. 
Spencer Harty, C.E., Borough Surveyor, City Hall, Dublin, on 
payment of three guineas, which shall be returned to all persons 
sending in a bona fide tender. The lowest or any tender will not 
necessarily be accepted, nor will the Corporation pay or be liable for 
any expenses in connection with parties so tendering. Tenders to 
be enclosed in sealed envelope, addressed and forwarded to the 
Town Clerk, City Hall, Dublin, and endorsed, “ Tender for Electric 
Lighting.” By order, 
JOHN BEVERIDGE, Town Clerk. 
City Hall, Dublin. 3963 


NSTRUC'TIONS FOR THE LAYING AND JOINTING 
OF UNDERGROUND. ELECTRIC CABLES.” — Pro 
fusely Ilustrated.—Translated from the French of Dr. Francois 


PRICE & GOULTY, 


1188, LONDON WALL. WOOD. STREET EC. 


À Duke Street, St. James, S.W. 


‘No. A Office of this Paper. 


WOODHOUSE & RAWSON UNITED, pages 


VULCANITE. 


INDIA-RUBBER ‘COMB. comrany, 
London Warehouse: F. WINTER, 


EBONITE. 


CHEAP PREPAID ADVERTISEMENTS, 


Relating to Situations Vacant, Situations Wanted, Businesses 


Wanted, Businesses for Sale, Patents for Sale, Specific Articles of 
any kind Wanted, or for Sale or Exchange, are inserted at the 
rate of ONE PENNY Per Word (minimum 1s.). 


Three consecutive Insertions for the Price for Two. 


®,* This Scale does not apply to Trade ee, terms for whicn* 
be had on applicati 


ANTED, Aivh-clans Jointer and Wireman.—Apply, by letter 
only, with references, to the General Manager, St. James 
and Pall Mall Electric Light Company, Limited, Mason’ 8 Yard, 


CEE WANTED IMMEDIATELY, with thorough 

knowledge of électric light wiring, and capable of super- 
intending other men. A good permanency for experienced and 
thoroughly reliable ‘man —Apply, “A, A. ©. Swinton,” 66, 
Victoria Street, S.W. 2065 


ANTED.—Competent Working Foreman to supervise elec-' 
tric installation work.—Address, giving full particulars, 


ANTED.—Good Carpenters and Wiremen; for good men 
permanency promised.—Address No. 3,959, Office of this 
Paper. 


ELEGRAPH INSTRUMENT MAKERS.—Constant work for 
good Mra. Co., Lrp. Helsby, near 
Warrington. 


ANVASSERS.—A prominent London firm require canvassers 

of good address, to obtain orders for wiring work and fittings, 

on salary and commission.—Apply, stating prunes or training, 
to No. 3,938, Ezecrricaz Review office. 3938 


ANSE by Advertiser, a Situation as Traveller to represent 
a firm of cable or electrical goods manufacturers. Has 
first-class connection ; experienced in laying cables, and all instal- 
set work ; good references. —Address, No. 3,961, Office of this 
aper. 


R. MCGOUNE, BUCHANAN & Co. | Samples and Quotations on receipt of Patterns and 
WHOLESALE MICA MERCHANTS, Specifications. 
9, Mincing Lane, London, E.C. Special Department for Chemicals used by 
Telephone No. 11,147. Telegrams, “ Boulanger.” For Electrical and all other purposes. Electricians. 


FOWLER, LANCASTER & CO., LTD. 


BIRMINGHAM, 
NOW THE 


LARGEST MAN UFACTORY IN THE KINGDOM 
FOR ALL 


ELECTRICAL SUPPLIES. 
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te cute UNIVERSITY COLLEGE, NOTTINGHAM 


in London, must be willing to introduce £2,000, which would be 
under his own control.—Address No. 3,937, EzxèrRicaz Review ENGINEERING DEPARTMENT. 
office, 22, Paternoster Row. : 3037 


HARGE OF ENGINES AND DYNAMOS WANTED by | PROFESSOR WILLIAM ROBINSON, M.E. 
steady, trustworthy man ; Willans or other engines.—“ G.,” 


2, Cuba Cottages, Hampton, Middlesex. 3966 SESSION 1800-1 BEGINS WEDNESDAY, OCTOBER ist. 
LECTRICIAN wishes to himself | to electrical firm. HE ENGINEERING COURSES are arranged for Boys 
Wiring, charge of plant, arc fighting. Good references ; who have just left school and intend to take up Civil, 
small salary.—“ A.8.,” office ot this paper. mi | Mechanical, or Electrical Engineering. The Mechanical Work- 


ECTR gage shops of the Department are completely equipped with Tools, and 
slated, hig offer every facility to Students to learn all the Branches of 
marine dre No 3,90 works, and speaks both French and Russian. | Mechanical Engineering. Special facilities are offered to Students 
0. 3 Review office. 367 | in ELECTRICAL ENGINEERING. 


+ — Electrical Laboratories, including New Dynamo Room, with 


ss : Phenix Dynamo driven by Atkinson Cycle Gas Engine, and 
OR’ SALE.—Five miles of highly insulated Lead-Covered | 
Cable, five sizes; 125 Elwell-Parker Accumulators, B 19; specially fitted for expe cimental Er 
‘Sundry Wrought Iron Poles and Accessories for overhead wires.— For Prospectuses and Fees (which are low), apply to the 
For particulars apply, Caarizs J. Haut, Manager. Kensington | Secretary. 
Central Electric Lighting Station (adjoining West Brompton 
Railway Station). 3018 


OR SALE.—52.“ L 28” E.P.S. Cells in glass boxes, 1888 type, OWENS COLLEGE, MANCHESTER. 


complete with insulators, trays, and glass covers ; substantial | 


_oak frames, shellac varnished. Have had six months’ use, and are | ‘ 
in good order. Price £125 net.—Apply, SHarr & Kent, Engineers, ELECTRICAL. TECHNOLOGY 


Street, Westminster. 
pt Re ua ae = A SPECIAL course has been arranged on the Technical Appli- 
ECOND-HAND ALTERNATORS—both self-exciting and for cations of Electricity. 


separate exciters. Sections may be connected in series or A dynamo house has recently been built in connection with the 
parallel at will, thus affording wide range of E.M.F. and currents. ges laboratory, containing a 7 H.P. Otto gas engine, two 
—For full particulars apply ELEcTRiICAL ENGINEERING CoR- ect and two alternate current dynamo machines, specially con- 
PORATION, 68, Victoria Street, Westminster. asses. | Structed for purposes of instruction, &c. 


In the laboratory full instruction is given in electric and 
ABLE (7/16) Secondhand, 2 or 3 miles Wanted.—Send lowest | netic esta À testing of dynatios, fe The session bors 
prices, and sample, to “ Z.,” Brown: s Advertising Office, | October 7th. 
4, Little George Street, 8. W. 3954 For prospectus, apply to the Registrar. 
ESSRS. GILBERT & CO. have REMOVED to 16, HAN- | 37 | iH. W. HOLDER, M.A., Registrar. 
WAY STREET, Oxford Street, W., where they have a - 
spacious showroom. They are prepared to act as agents for the 


specialities of one or two bona fide manufacturers. ieeas TRAINING FOR ELECTRICAL ENGINEERS. 


THE ELECTRICAL STANDARDISING, TESTING 
à GENI E CIVIL, AND TRAINING INSTITUTION, 


Weekly Review of French and Forelgn Industries in General, FARADAY HOUSE, CHARING CROSS ROAD, LONDON, W.C 
RUE DE LA ’ | BOARD OF CONTROL. 
——— . CHAUSEE D'ANTIN, PARIS The Rr. Hon. the EARL OF CRAWFORD, Chairman. 
_ Editor-in-Chief, MAX DE NANSOUTY, Ingenieur des Arts et | The Hon. REGINALD BROUGHAM. 
| Manufotures, Officier d'Academie, Secretary of the Electrical ROBERT HAMMOND. 
Committee of the Exhibition of 1889. | FRANCIS INCE. 
| PRINCIPAL. 
Cr, deal it connecte with Sine HUGH ERAT HARRISON, B.Sc., A.M.LC.E. 


- Works, Electricity, Chemistry, Railways, Mechanics, &c. 
| September. The Institution is in affiliation with some of 


THE BEST CONTINENTAL ADVERTISING MEDIUM OF ALL ; Ra 
the largest Electricity Supply Companies, into whose works and 


_ Al communications for the Advertising or Publishing Depart- | stations the Students are drafted. 
ment to be addressed to Mr. Bocquer, Genie Crvtt Orrice, 6, Rue | Application should be made to the Secretary, P. A. LATHAM, 


102 M.A., 15, St. Helen’s Place, E.C. 


3890 
TRADE MARK. | | | 
ELECTRICAL SUPPLIES. 
CHINA. 
15,000 Lamp Holders, 6,000 Ceiling Connectors, 
= & iD (2-5 «3,000 Shade Holders, 700 Wall Connectors, 

5,000 Cut-Outs, 13,000 Branch Switches, 

| 8,000 Main Spring Switches, assorted sizes, 


STOCKED READY FOR IMMEDIATE DELIVERY. 


USE PATENT CEILING 


USE F. L. & COS PATENT LAMP CAPS. 
ALL BLEOTRIC LIGHTING AND TELEGRAPHIC SUPPLIES. 


| Send for Samples and Quotations. 
i= Note :— 


FOWLER, LANCASTER & Co., Ltd., Birmingham. 


HE NEXT SESSION will commence on Wepwespay, 17th — 
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‘NEW PRICE LIST NOW READY. 


and | 


Talegrams : 
‘MEGAVOLT,” 
LONDON. 


For Engine Room use, 
Alternating or 


Direct Current. 
MARINE TYPE 
For Ship, 
Tram, 


Train use. 


TOOLDEN & 


Contractors to English & Foreign Governments, 


Railways, Central Stations,&c. 


Armatures # 


armatures and Field Cols 


ynamo, built 


Long Bearings. Clean and Economical Lubrication. tandard Goolden 
CHEAPER than any Dynamos with Gramme, Drum and Bar Armatures. 
working with same MARGINAL FACTORS HAVE BEEN BUILT IN ALL SIZES, < 


and at same LOW TEMPERATURE, Some weighing over SEVEN TONS without Engine. 


Dynamos of this t have worked at 350 volts, trans- 
mitting power in Mines (a severer test than lighting) 


OT O RS for some years without a penny being spent in repairs. 


STRONGLY BUILT. 
Will drive machinery direct with Spur Gearing, without breaking down the armatures. 


STEAM DYNAMOS 


FOR ANY OUTPUT. À 


POSITIVE DRIVING 


of Conductors, 


AMPLE GLEARANGE 
for Armatures. 


J 
His 
! 


3": 


HIGH EFFICIEN 


DYNAMOS and MOTORS 

Built to Specification. 4 


STEAM DYNAMO for ELECTROTYPING- er 


supplied to Ordnance Survey Dept. 


WoonFigLo Works, HARROW ROAD, = = 
=i 17 /|: 10-H.P. Launch Motor with Goolden Watertight Armature ; 
LONDON, W. wiil work with Armature in water. 
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Publications. 
TENTH YEAR OF PUBLICATION. 


Wm. DAWSON & SONS have pleasure in drawing your attention to the TENTH ANNUAL PUBLICATION OF 


S. A. BERLY’S 


UNIVERSAL DIRECTORY 


For 1891. 


THE LEADING ELECTRICAL TRADES DIRECTORY OF GREAT BRITAIN, 
And the OLDEST ELECTRICAL DIRECTORY in the WORLD. 


Invaluable to Henebebnton Electricians, Electrical Engineers and Contractors, Salons of High Speed and 
other Engines, Motors of all kinds, Driving Bands, Carbons, Chemicals, Insulators and Insulating Materials, 
Wire and Cable Manufacturers, Wholesale and Retail Dealers in Electrical Goods, and to Manufacturers of any 
article —— and used by the Electrical Trades. No office is complete without a copy. 


ARRANGED IN SECTIONS, AS FOLLOWS, VIZ.:- 
B RITI S Hy. —All information relating to Great Britain and Ireland. 


AMERICAN.—AI information exclusive of the British possessions. 
CONTINENTAL.—AII information relating to the Continent. 
INDIAN, COLONIAL AND GENERAL.—AI information relating to British Possessions, including 


| other Countries not having a Special Section. 


SPECIAL NOTICE! | 
Our old supporters in particular and Advertisers and Subscribers in general, are desired to note, that 
this year we have resumed THE SAME METHOD OF CANVASSING BY SPECIAL CIRCULAR (8 pages) 
which we initiated in 1882, and used continuously until 1886. 


Eight page Circular on application. All Orders for Advertisements, Books and Insertions to be prierted to 
WM. DAWSON & SONS, 148-149, UPPER THAMES STREET, LON DON, E.C. 


(We have no other Office.) 


ESTABLISHED 1872. 


THE TELEGRAPHIC JOURNAL AND 


ELECTRICAL REVIEW. 


Published every FRIDAY, Price 4d. 
TO BE OBTAINED BY ORDER FROM ANY NEWSAGENT IN TOWN OR COUNTRY. 


OFFICE, 22, PATERNOSTER ROW, LONDON. 


THLEGRAPHIC ADDRESS: “AGHEEKAY, LONDON.” CODE A BC. 
All Letters should be addressed to the Proprietors, H, Alabaster, Gatehouse & Co. 


SUBSCRIPTION RATES.—In Great Britain. à post free, per year, 19s. 6d. To all Foreign Countries (except ‘teas mentioned 
below), per Year, $1 1s. 8d. md ym —Abyssinia, Aden, Borneo, Ceylon, India, Java, Labuan, Mozambique, Penang, 4 
Persia (vid Brindisi), Philippine Islands, Singapore, Zanzibar, to which ther rates are: per Year, £1 8s. 10d. a 

_ VOLUME XXVI. can now be had bound in black cloth, gilt, at 128. ï 


BINDING.—Subscribers’ nuinbers bound for 8s. 6d. each volume, including case. CASES.—Cloth Cases ioc Binding can be had. 
price 2s. 6d. each. 


READING CASES, to hold from One to Twenty-six Numbers, till ie Volume is complete for Binding, can now be had from 
the Publishers, Price 68., or Free by Post (in Great Britain) 6s. 6d 


FOREIGN AGENTS.—New York: D. Van Nosrranp, 23, Murray Street. Paris: Veuve J. Boyvæau, 22, Rue de la Banque 
Berlin: Asner & Co., 5, Unter den Linden. 7 


NOTICE TO ADVERTISERS. 


The following are the latest times up to which Advertisements can be received for publication 
in current week’s issue:—New Advertisements, or Alterations to existing ones, Wednesday 2 p.m. 
Small Announcements for middle pages Thursdav 2 Pe m. 


ADVERTISHMENT RATES ON APPLICATION. 


Cheques and’ Post Office Orders (on Chief Office, London) to be made payable to Mr. H. ALABASTER, 22, Paternoster Row, E.C. 
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THE | 


ELECTRICAL ENGINEER 


(OF NEW YORK). 
A Weekly Review of Theoretical and Applied Electricity. 


Edited by T. COMMERFORD MARTIN and JOSEPH WETZLER. 


Believing that the matter is one which interests all electrical engineers closely, the proprietors and editors of this journal, 
through their agents, desire to direct attention to the new departure that has been made by The Electrical Engineer in its 
change from a monthly to a Weekly publication. | 

The Electrical Engineer is a paper, which, as the oldest of its class in the field in America, has a distinguished reputation, 
and is ene to which all interested in electrical development may look as a safe advocate, exponent and authority, as well as a faithful 
record of all data and achievement. i cies ; 

It is intended that as heretofore, but with more vigour and promptness than ever, The Electrical Engineer, shall cover 
the whole domain of theoretical and applied electricity that its name implies. It will naturally pay special attention to the work in 
which the electric current is recognised and employed as the great modern agency for distributing light, heat and power. No one 
engaged, or interested in operating electric lights, electric motors, electric railways, or any other electrical apparatus can afford to be 
without a single number. 

The management of the paper will be in the hands of the above named, who believe that in the endeavour and determination to 
publish a comprehensive, useful, unbiased and independent journal, they will receive liberal support from all quarters. Should the 
character and standing of the editorial and business staff be accepted as a warrant for the high degree of excellence aimed at, it is 
intended that The Electrical Engineer shall in every way realise the kind and friendly anticipations formed respecting it. 


TERMS OF SUBSCRIPTION, POSTAGE PREPAID FOR ONE YEAR, GREAT BRITAIN AND OTHER COUNTRIES 
| , WITHIN THE POSTAL UNION, 20s. 


ADVERTISEMENT RATES ON APPLICATION. 


AGENTS FOR GREAT BRITAIN: 


H. ALABASTER, GATEHOUSE & CO. 


22, FATERNOSTER ROW, LONDON. 


SPECIALLY ADAPTED FOR 


LIGHT INSTALLATIONS 


AND FOR ANY WORK WHERE UNIFORMITY OF SPEED IS DESIRABLE. 
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SOLE AEERS: 


PKRIOES ON APPIICATION. 
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0.’S FITTED WITH 
M BR 0 | LE RS ri 
ELIMINATING ALL 


EWEN & C LANCASHIRE and other types, ON BOILER PLATES. 


ENGINEERS & BOILER MAKERS, Constructed for High-Pressure Steaming. 


WALBROOK HOUSE. LONDON EC ILLUSTRATED PRICE LIST UPON APPLICATION. 3834 


works: st. srazer, Lonvon, LONGOM Office of CHARLESWORTH, HALL & C hy Pegs 


M. INCANDESCENT # LAMPS N 
EVERY NECESSARY FOR ELECTRIC LIGHTING. . /: 
DYNAMOS OF THE BEST CONSTRUCTION. 

= NN 


MEASURING INSTRUMENTS AT LOWEST PRICES. 3811 


GUARANTEED. 


CROGGON & CO. Ltd. 


ELECTRICAL ENGINEERS & CONTRACTORS 


MANUFACTURERS OF 
| Electric Light Fittings, Bells, Indicators, Lightning 
Conductors, and Speaking Tube Fittings. — 
_ SEND FOR ILLUSTRATED LIST, POST FREE. 391 


Glectrical Engineers, 
RICHMOND HILL IRON WORKS, 


SILVER MEDAL, BARCELONA, 1888. 
MAEEBERS OF 


HIGH: SPEED ENCINES, 


DYNAMOS & MOTORS, 


SEARCH-LIGHT PROJECTORS, &c. 
‘SHIP LIGHTING A SPECIALITY. __ 


Complete Installations 
of all kinds. 
 Estimates on | 


* CHARLESWORTH, 


LDHAM. 


LONDON AGENTS, 


EWEN & Co., 
37, WALBROOK, E.C. 
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The following sizes of Compound-Wound Dynamos are, 
kept in stock or in progress. 


— 


CHARLESWORTH, HALL Co. 


Lamps Amps. | Volts. Speed. PRICE. 
i — 90 45 100 852 £76 
= “io. | 180 90 | 100 1020 £99 
| 220 120 | 100 | 880 &S121 
=< rw | 200 | 200 | 100 | 826 £170 

= = SS PROJECTORS IN STOCK. 
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WILLIAMSON. 


BALMORAL BUILDINGS, 91, QUEEN. VICTORIA ST. 


STEAM WORKS, HATTON GARDEN. 


ELECTRICAL MANUFACTURERS. 
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(PATENTS or 1884 anp 1885), 
Are made in Ten Standard Sizes, from 3 to 530 I.H.P., with elther One or Two Cranks, and for Speeds of from 280 to 700 Revolutions. 


They are equally suited for Condensing or Non-Condensing; for the direct driving of High-Speed 
Machines, such as Dymamos and F‘ans, or for Driving General Machinery by Belts or 
Gearing. It is now fully established that they possess Extraordinary Freedom from Wear, a all 
Bearings are in “ constant thrust ” (which is not the case with many Single-Acting Engines), and are Self-Lubricated. Their Small 
Size and Weight, while advantageous in all cases, fit them for uses to which the majority of engines are inapplicable. Al 
except the smallest sizes are made either Simple, Compound, or ee according to the 
pressure available, and recent trials show that they work with a 


SMALLER CONSUMPTION OF STEAM 


Than amy other type of engine in the market indicating equal power. Non-Condensing, a consumption of steam as low as 18-2 lbs. 
per [.H.P. per hour has been recorded, and the Makers are prepared to Guarantee that the larger Condensing Engines 
shall work, at least, as economically as the best class of Compound Corliss Engines, while possessing enormous advantages in 
Lightness, Compactness and Cheapness. 


THE WILLANS CENTRAL-VALVE ENGINE IS WITHOUT RIVAL 


FOR ELECTRIC LIGHTING, 


For which purpose several hundreds have already been applied with the utmost. success. Engines are on order at the: 2 5 
time for nearly all the most important Public Lighting Stations now under construction in England, and the indicated power of the 
Engines already supplied, or now on order, exceeds 


Thirty-Thousand_ Horse-Power. 


PRICE LISTS WITH FULL PARTICULARS ON APPLICATION. 


WILLANS ROBINSON, ENCINEERS 


TEAMES SURREY. sus 


ALS. 


ALE KINDS FOR ELECTRICAL WORK, and also for INDIA-RUBBER & a re MANUFACTUR ERS, 


Supplied and Shipped at shortest notice 


G. BOOR & Co. 1 & 2, Artillery Lane, Bishopsgate, "LONDON, E. C. 


CONTRACTORS TO THE POST OFFICE, WAR OFFICE, ADMIRALTY, INDIA AND NEW ZEALAND OFFICES AND LEADING TELEGRAPH COS. 


THE NEWTON ELECTRICAL 
WORKS, 


DYNAMOS 


WE O'Tro 


Highest Efficiency; Beauty of Design; Moderate 
Speeds; Best Workmanship and Materials. 


NEWTON & HAWKINS’ 
PATENT 


AUTOMATIC SWITCHES. 


NEWTON ARO Lanes. 


And every Requisite for Electric Lighting RL 
and Transmission of Power. a” 


Telegrams: * ARC, TAUNTON. 


VALVE 
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WESTERN ELECTRIC CO. 


TELEPHONIC APFARATUS. 
ARC LAMPS AND DYNAMOS. l 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS AND ELECTRIC LIGHT. 


STREET, LONDON, EC. 
CHICAGO, NEW YORK AND ANTWERP. =. 


CENTRAL STATIONS. 


| CROMPTON & COMPANY, LIMITED, have erected, or are now | fi 


Central Stations, and manufacturing for same, 
to supply 


321, 000 LAMPS. 


This represents two- thirds of the total horse- -power being put down 


we thie. C — for Continuous Electric Supply. or in other words, 


4 


LAMPS 
MORE THAN ALL OTHER LOW PRESSURE SYSTEMS COMBINED | 


Full information on the latest developme nts of Electrical Engineering ar nd Tenders for Central Stations of ae 4 


‘any magnitude, can be obtained by applying to— 


MANSION HOUSE BUILDINGS, LONDON, E.C. | Ff | 


Works {CHELMSFORD & LONDON. 


311 


M. ‘HOLROYD: SMITH, 


es Street, HALIFAX, and 18, Abingdon St., WESTMINSTER, 


ENGINEER CONSTRUCTION 


JHE BLACKPOOL ELECTRIC TRAMWAY, 


AND PATENTEB OF THE SYSTEM. 


Contracts undertaken for UNDERGROUND CHANNELS, 
equipping and working Rail- vi 
OVERHEAD CONDUCTORS. 


ways or Tramways with. 
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